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REMARKS 

Claims 2, 4, 6, 9, 14-19 and 21-24 are pending. No amendments have been made 
by way of the present submission, thus, no new matter has been added. 

In view of the following remarks Applicants respectfully request that the 
Examiner withdraw all rejections and allow the currently pending claims. 

Interview held on February 16, 2005 

Applicants take this opportunity to sincerely thank the Examiner, as well as the 
Supervisory Patent Examiner for the interview conducted on February 16, 2005. Based 
upon the discussion during this interview, Applicants have prepared the following 
arguments, as well as a Declaration pursuant to 37 C.F.R. § 1.132. 

Issues Under 35 U.S.C S 103(a) 

The Examiner has rejected claims 2, 4, 6, 16, 17, 18, 22, and 23 under 35 U.S.C. § 
103(a) as being obvious over Gorski et al. {Clinical Chemistry, 43(1):193-195, 1997) in 
view of Maatman et al. (Biochem. J. 288:285-290, 1992) and Simon et al. (J. Biol Chem. 
272(16):10652-10663, 1997). 

The Examiner has rejected claim 9 under 35 U.S.C. § 103(a) as being obvious over 
Gorski et al. in view of Maatman et al. and Simon et al., and further in view of Kimura 
et al. (J. Biol Chem,, 266(9) :5963-5972, 1991). 

The Examiner has also rejected claims 19 and 21 under 35 U.S.C. § 103(a) as being 
obvious over Gorski et al. in view of Maatman et al. and Simon et al., and further in 
view of Galaske et al. (Pflugers Archives Euro. J. Physiol, 375(3) :269-277, 1978). 
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Lastly, the Examiner has rejected claims 14 and 15 under 35 U.S.C. § 103(a) as 
being obvious over Gorski et al. in view of Maatman et al. and Simon et al., and further 
in view of Zuk et al. (United States Patent No. 4,281,061). 

In view of the following remarks, as well as the Declaration pursuant to 37 C.F.R. 
§1.132 attached hereto, Applicants respectfully traverse the above rejections and request 
that the Examiner withdraw all rejections and allow the currently pending claims. 
Inquiry Concerning Claim 24 

As a preliminary matter, Applicants draw the Examiner's attention to fact that 
although the Office Action Summary (page 1 of the January 12, 2005 U.S.P.T.O. 
Communication) indicates that claim 24 is both pending and rejected, none of the 
current rejections includes claim 24. Accordingly, Applicants respectfully request that 
the Examiner provide action on the merits with respect to claim 24. 
The Present Invention and Its Advantages 

The main independent claim currently pending is claim 16. Claim 16 relates to a 
method for diagnosis or prognosis of a kidney disease in human, which comprises the 
steps of: 

(a) preparing a specimen collected from a human; 

(b) detecting liver-type fatty acid binding protein contained in said specimen; 

and 
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(c) diagnosing or prognosing the kidney disease based on the test result of the 
detection in (b). 

Prior to the present invention, there existed no method for diagnosis or 
examination of a patient utilizing a relationship between liver-type fatty acid binding 
protein (L-FABP) in kidney tissues and the prognosis of kidney diseases. That is, the 
present inventors have been the first to discover a relation between L-FABP and the 
prognosis of kidney diseases. Thus, the present invention relates to a method for 
examining kidney disease, which involves detection of L-FABP contained in the 
specimen. The present invention thus provides for the prognosis and diagnosis of 
various kidney diseases, for instance, diabetic nephropathy, glomerulonephritis, 
nephritic syndrome, focal glomerulosclerosis, immune complex nephropathy (IgA 
nephropathy, membranous nephropathy, etc.), lupus nephritis, drug-induced renal 
injury, renal insufficiency and kidney graft rejection. 

Each of the Examiner's rejections relies upon the combined references of Gorski, 
Maatman and Simon. However, Applicants respectfully submit that these references, 
whether taken individually or in combination, fail to suggest or disclose the presently 
claimed subject matter. In particular, there is no motivation upon which one of 
ordinary skill in the art would rely in order to construct the present invention. 
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Brief Summary of Arguments 

Gorski discloses a study which details the concentrations of heart-tpe (H-) FABP 
with respect to chronic renal failure. The Examiner's argument is that one of ordinary 
skill in the art would utilize the teaching of Maatman, relating to liver-type fatty acid 
binding proteins, to modify the reference of Gorski. However, Applicants respectfully 
submit that there exists no motivation to replace the H-FABP of Gorski with the L-F ABP 
of Maatman. That is, there is no indication that H-FABP and L-F ABP are "functional 
equivalents". 

The secondary reference of Maatman simply discloses that the content of H- 
FABP and L-F ABP mRNAs in the kidney is similar. However, similar transcription 
levels do not necessarily correlate with similar function, especially since the amino acid 
homology between H-FABP an L-F ABP is low. Thus, one of ordinary skill in the art 
would not consider H-FABP and L-F ABP to be interchangeable. Further, Applicants 
respectfully submit that Maatman only provides mere speculation as to the function of 
L-F ABP, and this speculation cannot provide adequate motivation for one of ordinary 
skill in the art to replace the H-FABP of Gorski with the L-F ABP of Maatman. 
Distinctions Between the Present Invention and the Cited Art 

In order to further discuss the deficiencies of the Examiner's rejections, 
Applicants will first summarize the main references of Gorski, Maatman and Simon. 
The Examiner relies on each of those references in each rejection. Please note that 
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although Applicants are addressing these references individually, it is submitted that 
even the combined disclosure of these references cannot render the present claims prima 
facie obvious. 
Gorski et al. 

Gorski et al. discloses that "Plasma FABP concentration is markedly increased in 
patients with chronic renal failure." The study of Gorski was done by focusing 
attention on FABP as a marker for myocardial infarction, and thus the FABP of Gorski is 
"heart-type FABP (H-FABP)". Gorski are completely silent concerning "liver-type 
FABP (L-FABP)". Thus, Gorski fails to suggest or disclose the concept of diagnosis of 
kidney disease by using FABP much less L-FABP. 

Maatman et al. 

Maatman discloses the existence of L-FABP and H-FABP in human kidneys, and 
further include speculation that L-FABP may inhibit nephrotoxicity by binding with 
drugs. However, the "possibility" of inhibition of nephrotoxicity with L-FABP is not 
related to the diagnosis of a kidney disease with L-FABP. Thus, Maatman fails to 
suggest or disclose the diagnosis of kidney disease in a human. 

Further, Applicants submit that the H-FABP and L-FABP of Maatman are not 
considered to be similar to, or equivalent to each other. 
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Simon et al. 

The Simon reference is concerned with control of the expression of L-FABP. 
Further, Simon disclose that a DNA sequence ("heptad repeat") existing in an upsteam 
region of the L-FABP gene has a function of inhibiting expression of L-FABP in mouse 
kidney. However, Simon also fails to suggest or disclose the diagnosis of kidney 
disease in a human. 

Briefly, none of Gorski, Maatman, or Simon suggest or disclose the diagnosis of 
kidney disease in a human using L-FABP. This represents a major deficiency. Futher, 
Applicants submit that there exist numerous problems in combining Gorski with 
Maatman and/ or Simon, and in replacing the H-FABP of Gorski with L-FABP to reach 
to the present invention. These problems, which result in a lack of motivation are 
discussed below: 

(i) H-FABP and L-FABP are not similar to or equivalent to each other : 

The Examiner apparently considers that H-FABP and L-FABP are similar 
and/ or functional equivalent (do not markedly differ). Thus, the Examiner appears to 
believe that it is easy to replace H-FABP with L-FABP. That is, the Examiner points out 
in the outstanding Office Action, page 9, 1st paragraph, lines 5-10 as follows: 

"Maatman et al. discloses that "Based on the RT-PCR and hybridization results, 
the content of the mRNAs of the liver and heart FABP types do not differ markedly in 
kidneys of male and female rats/ 7 See page 289, 1st column and Figure 6. Therefore, 
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one of ordinary skill in the art at the time of applicant's invention would have been 
motivated to replace the H-FABP of Gorski et al. with the L-FABP taught by Maatman 
et al. and Simon et al. because the two types of FABP (heart and liver) were functional 
equivalents (do not differ markedly)". 

Similar comments are also found in other passages in the outstanding Office 
Action, such as page 10, lines 5-7 (2nd paragraph); page 11, lines 7-9 (2nd paragraph); 
page 11, line 4-6 (3rd paragraph); page 12, lines 7-9 (1st paragraph); and page 13, lines 
6-7 (2nd paragraph). 

However, H-FABP and L-FABP are neither similar nor equivalent (nor 
functionally equivalent) whether viewed from the standpoint of Maatman or from the 
standpoint of Gorski. This is explained below: 

(a) The view from Maatman 

Firstly, Maatman disclose the existence of both of H-FABP and L-FABP in the 
kidney but they also clearly mention the difference of H-FABP and L-FABP. That is, it 
is clearly mentioned that H-FABP and L-FABP are different in ligand specificities and 
cellular distributions. The difference in ligand specificities will be understood from the 
following description: 

'The significance of the occurrence in kidney of two FABP types with different 
ligand specificities and cellular distributions requires further investigation 7 ' (cf. page 
289, right column, 2nd paragraph, lines 10-12 of Maatman). 
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"The liver-type FABP also binds some drugs [2,3], and may in this way 
prevent nephrotoxicity. The heart-type FABP only binds fatty acids and seems to be 
involved in lipid metabolism/' (cf. page 289, right column, 1st paragraph, lines 8-10 of 
Maatman). 

Besides, there is the difference in cellular distributions, that is, "H-FABP exists 
in the heart and the kidney but does not exist in the liver but on the other hand L- 
FABP exists in the liver and the kidney but does not exist in the heart", and further 
"(contrary to H-FABP) L-FABP exists topically in proximal tubules in human", which 
will be understood from the following description. 

"The rat heart FABP cDNA could be demonstrated on the blot, to be present in 
rat heart and kidney mRNA but not in rat liver mRNA (Fig. 6). The blot ... showed the 
presence of liver FABP mRNA in both liver and kidney mRNA, but not in heart 
mRNA (Fig. 6)" (page 289, left column, 2nd paragraph, lines 1-6, and Fig. 6 of 
Mautman). 

"The cellular distribution of the heart-type FABP is similar in rat kidney to the 
previously found in human kidney [7]. The liver-type FABP, however, is restricted to 
the proximal convoluted and straight tubules in human kidney [7]" (page 288, right 
column, 1st paragraph, lines 7-11). 

Further, the passage pointed out by the Examiner (page 289, 
left column, 2nd paragraph, lines 8-10 and Fig. 6) discloses the following: 
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"Based on the RT-PCR and hybridization results, the content of the mRNAs of 
the liver and heart FABP types do not differ markedly in kidneys of male and female 
rats." 

However, as the results of detection at the protein level (ELISA test) reveal that 
there was difference in the ratio of H-FABP and L-FABP as follows: 

"ELISA showed low amounts of liver-type FABP in rat kidney cytosol (Table 2). 
The concentrations are much lower than those of the heart-type FABP, and the ratio of 
liver and heart-type FABPs differs considerably from that in man." (d. page 288, left 
column, 2nd paragraph, lines 1-4 and Table 2 of Maatman). 

As is clear from the above explanation, according to the description of 
Maatman, H-FABP is neither similar nor equivalent to L-FABP, but rather, it is clearly 
described that both are different types of FABP. The Examiner must view the reference 
as a whole and cannot simply conclude that L-FABP and H-FABP are 
similar/ equivalent by picking and choosing selected passages favorable to his 
interpretation. This amounts to hindsight reconstruction. 
(b) The view from Gorski 

In Gorski the FABP (H-FABP) is understood to be heart-derived FABP as is 
clear from the following description: 

"Heart and skeletal muscles contain the same type of FABP [referred to as 
heart-type (H)-FABP] [1,2]... FABP is released from the heart early after the onset of 
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infarction, whereafter its plasma concentration increases manyfold [3-6]" (page 193, 
right column, lines 8 -19 of Gorski). 

Thus, Gorski confirms that H-FABP exists in the heart. Gorski is completely 
silent concerning the existence of L-FABP in the heart. 

The above has been well known in this field, as mentioned also in 
Van Nieuwenhoven et al." Lipids, vol. 31, SuppL, pp. S223-S227, 1996, Table 2 etc. 
(which was submitted as IDS dated Oct. 3, 2002) and Veerkamp et al., Prog. Lipid Res., 
Vol. 34, No.l, pp.17 -52, 1995, Table 3, etc. (which was filed as Exhibit 3 with REPLY 
UNDER 37 C.F.R. § 1.111 dated July 22, 2003). Van Nieuvenhoven et al. reference 
corresponds to reference [1] in Gorski. 

Similar description is also found in Maatman, page 289, left column, 2nd 
paragraph, lines 1-6 as mentioned above. 

Thus, a person skilled in the art understands that H-FABP exists in the heart but 
on the other hand, L-FABP does not exist in the heart. Thus, the H-FABP disclosed in 
Gorski (existing in the heart) is clearly distinguished from L-FABP (not existing in the 
heart). Thus, further evidence exist that the two FABPs are neither similar nor 
equivalent. 

Accordingly, from the viewpoint of both Maatman and Gorski, H-FABP and L- 
FABP are neither similar nor equivalent. Thus, the two FABPs are lacking in 
similarity/ equivalence such that H-FABP would not be replaced by L-FABP. 
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(ii) Speculation mentioned in Maatman 

It described in Maatman as follows: 
"We can only speculate on the physiological relevance of the two FABP types in 
kidney. The liver-type FABP binds various ligands and may be involved in the renal 
excretion of exogeneous and endogeneous metabolites. The liver-type FABP also binds 
some drugs [2.cl.] and may in this way prevent nephrotoxicity (emphasis added)" (cf. 
page 289, right column, lines 4-10 of Maatman). 

As is mentioned by the authors themselves as "We can only speculate", this 
description is mere speculation. Further, the speculation is only as to physiological 
relevance/ function of FABP, but never suggests or discloses the diagnosis of kidney 
disease. 

The Examiner points out the description of "The liver-type FABP also binds 
some drugs, and may in this way prevent nephrotoxicity." 

First, it should be noted, "nephrotoxicity"* is the property owned by the drug 
itself but not the "kidney disease" per se. Note *: According to a dictionary, 
"nephrotoxicity" means the quality of being toxic or destructive to kidney cells, (cf . the 
attached copy of Doriand's Illustrated Medical Dictionary 27th edition, p. 1108). 

Second, there is no common knowledge that markers for diagnosis of diseases 
are mostly a substance having an inhibitory activity of the disease. On the other hand, it 
is usually considered that even though a biological material "X" can inhibit a disease, it 
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is not said that the material "X" can be used for diagnosis of the disease, in other words, 
there is no direct relation between the activity for inhibiting a diseases and the 
diagnosis of the disease. 

Accordingly, the speculation of Maatman (that is, speculation of a possibility for 
inhibition of nephrotoxicity) is unrelated to a suggestion of using L-FABP for diagnosis 
of kidney disease. The speculation thus cannot constitute motivation for combining 
Maatman with Gorski nor for replacing H-F ABP with L- F ABP. 

Obviousness must be predicted on something more than it would be obvious "to 
try" the particular class of solvent recited in the claims or the possibility it will be 
considered in the future, having been neglected in the past. Ex parte Argabright et al., 
161 U.S.P.Q. 703 (POBA 1967). However, this is exactly what the Examiner is 
contending. In the present instance, evidence exists that H-F ABP and L-FABP are not 
equivalent. Nonetheless, the Examiner asserts that the mere recitation of these two 
FABPs provides motivation to replace the H-F ABP of Gorski with the L-FABP of 
Maatman. 

However, even if H-F ABP and L-FABP are equivalent, a point not conceded by 
Applicants, there still exists no motivation in the cited art to use L-FABP in the 
diagnosis/ prognosis of kidney disease. At best, Maatman provides "speculation" 
concerning the role of the two FABPs in the kidney. However, "speculation" cannot 
serve as a basis for obviousness. Mere speculation simply amounts to a "possibility" of 
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a relation between L-FABP and the kidney, much less a specific relation between L- 
FABP and diagnosis of kidney disease. Thus, the Examiner's rejection at best amounts 
to an " obvious to try 7 ' rejection. However, "obvious to try" is not a valid test of 
patentability. Id, see also In re Merrier, 185 U.S.P.Q. 774 (CCPA 1975); Hybridtech Inc. 
v. Monoclonal Antibodies, 231 U.S.P.Q. 81 (Fed. Cir. 1986). 

(iii) Lack of correlation between Gorski and Maatman : 

Gorski does not aim at the kidney-type FABP and hence fail to even suggest 
kidney-type FABP. Also, Maatman does not aim at diagnosis of diseases (neither 
diagnosis of kidney disease nor diagnosis of heart disease) and hence fail to even 
suggest anything with respect to diagnosis of diseases. 

Thus, both Gorski and Maatman have separate disclosures as to "H-FABP" and 
"kidney" without any relation to each other. For this additional reason, there is no 
motivation to combine both literatures. 

The above is also applicable to the other cited reference of Simon. That is, 
Simon discloses control of expression of L-FABP. That is, a DN A sequence (designated 
as "heptad repeat") inhibits the expression of L-FABP. This may be somewhat 
relevant to Maatman as far as it is concerned with L-FABP in the kidney. However, it 
has little relation with the disclosure of Gorski. 

(iv) Gorski includes negative disclosure concerning the possibility of the 
application of H-FABP to diagnosis of kidney disease : 
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Gorski discloses that "plasma FABP [H-FABP] concentration is markedly 
increased in patients with renal failure" (page 194, right column, 2nd paragraph, lines 1- 
6 and Table 1 of Gorski). 

On the other hand, Gorski also mentions a detailed analysis of the results 
shown in Table 1 as follows: 

"Neither plasma FABP [H-FABP] nor plasma myoglobin concentrations 
showed a correlation with the period of dialysis or urea or creatinine concentration in 
plasma" (page 194, right column, 1st paragraph, lines 10-14 and Table 1 of Gorski). 

That is, based on the experimental results that plasma creatinine and urea 
decreased after dialysis in comparison with those before dialysis, but H-FABP did not 
show such change in the same tests, Goski states that there was no correlation between 
FABP (H-FABP) and creatinine or urea. 

However, creatinine and urea have widely been used as a marker for diagnosis 
of kidney disease. Accordingly, the above description of Gorski would be interpreted 
by one of skill to mean that H-FABP cannot be used like the creatinine or urea which are 
markers for kidney disease. That is, the description of Gorski represents a negative 
teaching concerning of the application of H-FABP to the diagnosis of kidney disease. 

With such a negative description, those of skill in the art would never expect 
that H-FABP may be successfully applicable to the diagnosis of kidney disease even 
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though the skilled person might have understood that plasma FABP increased in 
kidney failure. 

(v) By replacing the H-FABP of Gorski with other molecule, there is no 
reasonable expectation of obtaining the same results : 

As mentioned above, Gorski discloses that "plasma FABP [H-FABP] 
concentration is markedly increased in patients with renal failure". Gorski also explain 
that the clearance in kidney is different between H-FABP and myoglobin as follows: 

"These findings suggest that the kidneys play a more dominant role in the 
clearance of plasma FABP [H-FABP] than of myoglobin" (page 194, right column, 2nd 
paragraph, lines 21-24 of Gorski). 

It is noted that FABP [H-FABP] and myoglobin are considered to be markers for 
heart disease and a low-molecular-mass protein in Gorski as follows: 

"... these proteins have similar molecular masses (15 and 18kDa, respectively) 
and show a similar plasma release curve in patients with acute myocardial infarction 
and normal renal function" (page 194, right column, 2nd column, lines 16-21 of Gorski). 
It is thus mentioned that even such similar molecules are still different in the clearance 
in kidney. 

Accordingly, a person skilled in the art will certainly question whether the same 
results would be obtained by replacing H-FABP of Gorski with another molecule. In 
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fact, the skilled person would have assumed that the H-FABP could not be replaced 

with other molecule with a reasonable expectation of success. 

(vi) Distance between the present invention and the cited references : 

From the above various explanations, Applicants submit that the present 

invention is unobvious over the cited references. However, to further reinforce this 

point Applicants take this opportunity to explain just how far apart the present 

invention is from the cited art. 

In order to reach to the present invention from the cited references, it is 

required at least the following two steps i) and ii). 

i) A change in reasoning must be required so that the focus of Gorski is moved 
to "diagnosis of kidney disease", and 

ii) The H-FABP of Gorski must be replaced with L-FABP of Maatman. 
However, it is not easy to achieve the above steps i) and ii) as is explained 

below. 

(a) Difficulty of the change in reasoning to move the focus to "kidney of 
disease" : 

Gorski aim at the diagnosis of heart disease (the diagnosis of heart disease by 
H-FABP). It is disclosed in Gorski that H-FABP increased in kidney diseases, but this 
description does not directly teach that H-FABP can be used for diagnosis of kidney 
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disease. Thus, it is required to change the thinking so as to move the focus into ''dialysis 
of kidney disease. 

However, as mentioned above, Gorski includes a negative description with 
respect to the possibility of the application of H-FABP to the diagnosis of kidney 
disease. It would thus be very difficult to make the change in reasoning to move the 
focus to the diagnosis of kidney disease by overcoming such a negative teaching. 

(b) Difficulty of replacement of H-FABP of Gorski with L-FABP of Maatman : 

First, in Gorski H-FABP and L-FABP are not similar and/ or equivalent to each 
other and it is not easy to replace to each other. Further there is no motivation to 
replace both, as is explained in the above (i) and (ii). Additionally, there is no reason to 
combine Gorski with Maatman as is explained in the above (iii). 

Second, any person skilled in the art would never expect that H-FABP of Gorski 
will easily be replaced with other molecule successfully as is explained in the above (iv). 

Accordingly, Applicants submit that it would be quite unlikely to replace H- 
FABP of Gorski with the L-FABP of Maatman. 

Accordingly, Applicants submit that it will be not easy to overcome both of the 
above step i) and ii), and unless at least these steps i) and ii) are overcome, the present 
invention cannot be achieved. Accordingly, the present invention cannot be considered 
obvious over the combination of Gorski with Maatman and Simon. 
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Declaration under 37 C.F.R. § 1132 

Further, Applicants have provided a Declaration pursuant to 37 C.F.R. §1.132 
which clearly explains that there is no proper motivation to combine references as 
suggested by the Examiner. In fact, there would be no reasonable expectation of success 
in such a combination. Accordingly, the Examiner is respectfully requested to 
withdraw all outstanding rejections and allow the currently pending claims. 

Applicants also point out that although the Examiner has rejected other claims, 
for instance claims 9, 14, 15, 19 and 21 under Gorski, Maatman, Simon and other various 
secondary references, Applicants respectfully submit that the additional references fail 
to overcome the deficiencies in the main rejections based upon Gorski, Maatman and 
Simon. Accordingly, each of these rejections are likewise overcome for the same 
reasons discussed above. 

In summary, Applicants respectfully request that the Examiner withdraw all 
rejections and allow the currently pending claims. 

If the Examiner has any questions or comments, please contact Craig A. 
McRobbie (Registration No. 42,874) at the office of Birch, Stewart, Kolasch and Birch, 
LLP. 

Pursuant to 37 C.F.R. §§ 1.17 and 1.136(a), Applicant(s) respectfully petition(s) for 
a one (1) month extension of time for filing a reply in connection with the present 
application, and the required fee of $120.00 is attached hereto. 
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If necessary, the Commissioner is hereby authorized in this, concurrent, and future 
replies, to charge payment or credit any overpayment to Deposit Account No. 02-2448 for 
any additional fees required under 37 C.F.R. §§ 1.16 or 1.17; particularly, extension of time 
fees. 



Dated: May 12, 2005 Respectfully submitted, 



V Gerald M. Murphy, Jr. 
Registration No.: 28,977 

BIRCH, STEWART, KOLASCH & BIRCH, LLP 
8110 Gatehouse Rd 
Suite 100 East 
P.O. Box 747 

Falls Church, Virginia 22040-0747 
(703) 205-8000 
Attorney for Applicant 



Attachment: Declaration Under 37 C.F.R. § 1.132 (including exhibits A-D) 
Excerpt from Dorlands Illustrated Medical Dictionary 
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Kidney Disease as a Risk Factor for Development of 

Cardiovascular Disease 

A Statement From the American Heart Association Councils on Kidney in 
Cardiovascular Disease, High Blood Pressure Research, Clinical 
Cardiology, and Epidemiology and Prevention 

Mark J. Samak, MD, Cochair; Andrew S. Levey, MD, Cochair; 
Anton C. Schoolwerth, MD, Cochair; Josef Coresh, MD, PhD; Bruce Culleton, MD; 
L. Lee Hamm, MD; Peter A. McCullough, MD, MPH; Bertram L. Kasiske, MD; Eilie Kelepouris, MD; 
Michael J. Klag, MD, MPH; Patrick Parfrey, MD; Marc Pfeffer, MD, PhD; Leopoldo Raij, MD; 

David J. Spinosa, MD; Peter W. Wilson, MD 



C hronic kidney disease 1 (CKD) is a worldwide public health 
problem. In the United States, there is a rising incidence 
and prevalence of kidney failure, with poor outcomes and high 
cost. The number of individuals with kidney failure treated by 
dialysis and transplantation exceeded 320 000 in 1 998 and is 
expected to surpass 650 000 by 20 10.' 2 There is an even higher 
prevalence of earlier stages of CKD (Tabte \ ) J 3 Kidney failure 
requiring treatment with dialysis or transplantation is the most 
visible outcome of CKD. However, cardiovascular disease 
(CVD) is also frequently associated with CKD, which is impor- 
tant because individuals with CKD are more likely to die of 
CVD than to develop kidney failure. 4 CVD in CKD is treatable 
and potentially preventable, and CKD appears to be a risk factor 
f or CVD . ha 1998, the National Kidney Foundation (NKF) Task 
Force on Cardiovascular Disease in Chronic Kenal Disease 
issued a report emphasizing the high risk of CVD in CKD. 5 This 
report showed that there was a high prevalence of CVD in CKD 
and that mortality due to CVD was 10 to 30 times higher in 
dialysis patients than in the general population (Figure 1 and 
Table 2). 6-18 The task force recommended that patients with 
CKD be considered in the "highest risk group" for subsequent 
CVD events and that treatment recommendations based on CVD 
risk stratification should take into account the highest-risk status 
of patients with CKD. 

The major goal of this statement is to review CKD as a risk 
factor for development of CVD. As background, we shall also 
review the definition of CKD and classification of stages of 
severity of CKD, the spectrum of CVD in CKD and differences 
from the genera) population, and risk factors for CVD in CKD. 



Definition and Classification of Stages of 
Severity and Types of CKD 

In 2002, the NKF published clinical practice guidelines on 
evaluation, classification, and risk stratification in CKD. 3 In 
these guidelines. CKD is defined as either ( 1 ) kidney damage 
for S3 months, as confirmed by kidney biopsy or markers of 
kidney damage, with or without a decrease in glomerular 
filtration rate (GFR), or (2) GFR <60 mL • min -1 per 1.73 m 2 
for >3 months, with or without kidney damage (Table 1). 

Kidney damage is ascertained by either kidney biopsy or 
markers of kidney damage, such as proteinuria, abnormal 
urinary sediment, or abnormalities on imaging studies. The 
finding of proteinuria not only defines the presence of CKD 
but also has important implications for diagnosis of the type 
of kidney disease and is associated with a w orse prognosis for 
both kidney disease progression and the development of 
CVD. Proteinuria is variously defined (Table Mea- 
surement of albumin-to-creatinine ratio or total protein- to- 
creatinine ratio in untimed "spot" urine samples is recom- 
mended for assessment of proteinuria. 3 

GFR <60 mL • min" 1 per 1.73 m 2 is selected as the cutoff 
value for definition of CKD because it represents a reduction 
by more than half of the normal value of »»125 mL • min"' 
per 1 .73 m 2 in young men and women, and this level of GFR 
is associated with the onset of laboratory abnormalities 
characteristic of kidney failure, including increased preva- 
lence and severity of several CVD risk factors. Estimation of 
GFR from serum creatinine and prediction equations includ- 
ing age, sex, race, and body size is recommended to avoid the 
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TABUE1. Stages of CKD 






US 


US 




GFR, 


Prwale nce T 


Prevalence, 


Stage Description 


mL-min -1 per 1.73 m* 


1000s 


% 


1 Kidney damage with normal or increased GFR 


==90 


5900 


3.3 


I Kiflney damage with mildly dacreasad GFR 


60-89 


5300 


3.0 


3 Moderately decreased GFR 


30-59 


7600 


4.3 


4 Savaroty decreased GFR 


15-29 


400 


02 


5 Ktdnay taBura 


<15 err dialysis 


300 


0.1 



Reproduced with permission from the National Kidney Foundation/ 

Data for stages 1-4 from NHANES 01 (1988-1994). based on population of 177 million wrm age £=20 years. Data 
for stage 5 from United States Renal Data System (1998) 1 include —230 000 patients treated by dlalyse and assume 
70 000 additional patients not on dialysis. GFR estimated from serum creatinine by abbreviated Modification of Diet 
in Renal Disease Study equation based on age, se*, race, and cafttration for serum creatinine. For stages 1 and 2, 
kidney damage was assessed by spot alDumin-to-creatinine rati] >17 mg/g (men) or >25 mo/g (women) on 2 
measurements. 



inisclas silica tion of individuals on the basis of serum creati- 
nine alonc 3 * 22 ^ 24 (Table 4 and NKF GFR calculator available 
at Kttp7/w\v^kidney.ora/professioi^^ 

Kidney failure is defined as GFR <15 mL - min" 1 per 1.73 
m 1 or treatment by dialysis. Approximately 9$% of patients 
beginning dialysis for CKD in the United Scales have an 
estimated GFR of <15 mL - min"' per 1.73 ro 2 . 2 * This 
definition is not synonymous with end-stage renal disease, 
which is an administrative term in the United States signify- 
ing eligibility for coverage by Medicare for payment for 
dialysis and transplantation. 

Among individuals with CKD, the stage of severity is 
based on the level of GFR (Tabic I). The prevalence ot 
kidney failure (^300 000, or 0.1% of the US adult 
population) is considerably less than the prevalence of 
earlier stages of CKD (=-»20 million, or 10.8% of the US 
adult population). 

Diagnosis of CKD is traditionally based on pathology and 
etiology. A simplified classification, which we shall use in 
this article, emphasizes diseases in the native kidney, which 
can be broadly divided as diabetic and non diabetic in origin, 
and kidney diseases in the transplant. 3 - 26 - 27 



Spectrum of CVD in CKD and Differences 
From the Genera! Population 

In this section, we consider arterial vascular disease and 
cardiomyopathy as the primary types of CVD (Table 4). In 
CKD, it is useful to consider 2 subtypes of arterial vascular 
disease, namely, atherosclerosis and large-vessel remodeling 
or arteriosclerosis. Atherosclerosis is an inttmai disease 
characterized by the presence of plaques and occlusive 
lesions. 25 There is a high prevalence of atherosclerosis in 
CKD. 2 *- 30 Atherosclerotic lesions in kidney failure are fre- 
quently calcified, as opposed to fibroathcromatous, and have 
increased media thickness compared with lesions in the 
general population. 31 Surrogates of atherosclerosis include 
both intixna-media thickness of the carotid wall that is 
detectable by ultrasound and inducible myocardial ischemia 
that is detectable by coronary stress tests. Electron-beam 
computed tomography is a sensitive method to detect vascu- 
lar calcification but may not be an ideal method to detect 
atherosclerosis in CKD, because it is unable to distinguish 
between intirnal calcifications of atherosclerosis and medial 
calcification that is common in CKD. Clinical presentations 
of atherosclerosis include ischemic heart disease, namely. 



Cardiovascular mortality in the general population (NCH5) and 
In kidney failure treated by dialysis or transplant (USRDS) 



100 



2. 



r 

o 
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-Qcrtyais Black 

-Transplant 



25-34 3*44 
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Figure i. Cardiovascular mortality 
defined by death due to arrhythmias, 
cardiomyopathy, cardlae arrest, myocar- 
dial infarction, atherosclerotic heart dis- 
ease, and pulmonary edema in general 
population {GP; National Center for 
Health Statistics [NCHS] multiple cause 
of mortality data files International Clas- 
sification of Diseases, 9th Revision [ICD 
9] codas 402, 404, 410 to 41 4., and 425 
to 429, 1993) compared with kidney fail- 
ure treated by dialysis or kidney trans- 
plant (United States Bene] Data System 
[USRDS] special data request Health 
Care Financing Administration form 2746 
Nos. 23, 26 to 29, and 31, 1994 to 
1 996). Data are stratified by age, race, 
and sex. CVD mortality is underesti- 
mated in kidney transplant recipients 
owing to incomplete ascertainment of 
cause of death. Reproduced and modi- 
fied with permission from Foley et al « 
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TABLE 2. Approximate Prevalence of CVD in the General Population and CKD 




Ischemic Heart 


LVH 


Heart Failure 




Disease (Clinical) 


(Echo) 


(Clinical) 


General population 




20t 


3-6* 


CKD stages 3-4 (diabetic and nendiabetic 


NA 


25-50 {varies with level of 


NA 


kidney disease) 




kidney function)§ 




CKD stages 1-4 (kidney tranaptam recipients) 


15« 


50-7QH 


NA 


CKD stage 5 (hemodialysis) 


40* 


75" 




CKD stage 5 (peritoneal dialysis) 


40# 


75~ 


4Gff 



Reprinted and modified with permission From Foley ei aJ." 
MA indicates not available. Values are percentages. 

•Age 55-04 years. The higher percentage is for men, Data era from N MANES m, American Heart Association 
statistical Web she. 7 
|Oata from Levy at al. s 

tAge 55-64 years. Toe higher percentage Is for men. Data from MHANES W, American Heart Association statistical 
Web site. 7 
§Data from Levin et si * 
|)Oata from Kasteke. 10 

HData from Parimy ei al, 11 Hernandez et al. 12 Peteiro et al.' 3 Muting at al, 14 and Himelman et al. ls 
tTData from Diatysfe Morbidity and Mortality (Wave 2). United States Renal Data System Annual Data Report, 
1997. , * ,T 
-Data from Foley et aL 1 * 



angina, myocardial infarction, and sudden cardiac death, 
which is common in CKD, and cerebrovascular disease, 
peripheral vascular diseases or heart failure (Tabic 5). 

Stress imaging is an important modality for testing for 
myocardial ischemia. A receni meta-analysis reveals that 
stress imaging is of value in predicting CVD morbidity and 
mortality in kidney transplantation candidates treated by 
dialysis. 32 It remains unknown, however, whether the diag- 
nostic accuracy of these rests, as defined by a "gold standard" 
of angiographic obstructive coronary artery disease, is differ- 
ent rjrom the general population. Furthermore, it remains 
unknown whether stress nuclear or stress echocardiographie 
testing is more accurate in patients with CKD. 

Dialysis patients with ischemic heart disease may not 
necessarily have large-vessel coronary disease. In one study, 
up to 50% of nondiabetic dialysis patients with symptoms of 
myocardial ischemia did not have large-vessel coronary 



artery disease (defined as luminal narrowing of >50% of 
major coronary vessels).** The authors hypothesized that the 
patients may have ischemia secondary to the combined 
effects of volume overload and left ventricular hypertrophy 
(LVH), which caused increased oxygen demand, and small- 
vessel coronary disease, which causes decreased oxygen 
supply. It needs to be acknowledged, however, that the latter 
study was performed in the pre-erythropoictm era, during 
which hemoglobin levels were lower, which also may have 
contributed to ischemia; therefore, the results may not be 
genereiizabie to current practice. 

Parients with CKD also have a high prevalence of arterio- 
sclerosis and remodeling of large arteries. 28 Remodeling may 
be due etcher to pressure overload, which, is distinguished by 
wall hypertrophy and an increased wall-co- lumen ratio > or 
flow overload, which is characterized by a proportional 
increase in arterial diameter and wall thickness. Remodeling 



TABLE 3. Definitions of Proteinuria 



Urine Cotoctbn Method 



Normal 



Microabuminuria 



Albuminuria nr 
Cfincal Proteinuria 



Total protein 
24 -Hour excretion (varies with method) 
Spat urine dipstick 

Spot u/ino protein -lo-creatininB ratio (varies with m&tfiod) 
Albumin 
24-Hour excretion 

Spot urine albumin-specific dipstick 

Spat urine albumin -to-creatinine ratio (varies by sex*) 



<300 mg/d 
<30 mgAJL 
<200 mg/g 

OO mg/d 

<3 mg/dL 

<1 7 mg/g (men) 
<25 mg/g {women) 



NA 
MA 
NA 

30-300 mg/d 

>3 mg/dL 
17-250 mg/g {msrt) 



^300 mg/d 
&30 mp/dL 
^200 mg/g 

>30Q mg/d 
NA 

>2S0 mg/g (men) 



25-355 mg/g (women) >355 mo/9 (women) 



NA indicates not applicable. 

•Sex-spscrfic cutoff values are from a single study. 19 Use of the same cutoff value for men and women leads to higher values of 
prevalence for women than men. Current recommandations Irom the American Dabetes Association define cutoff values for spot urine 
ateumrn-to-creatinine ratio for microalbuminuria and albuminuria as 30 and 300 mg/g, respectively, without regard to sex. 10 

Reproduced and modified with permission from the National Kidney Foundation. 1 
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TABLE 4. Equations to Predict GFR Based on Serum Creatinine 

Cackcroft-Gault equation 24 <l40-Aqe)xWakjht 

Ccr<miymin)=^ ^3 X <°- 65 ff femate J 

Abbreviated MD&O Study equation*^ GFft(mLinirr' 1 per 1.73 m i )«ia6x(S cr )-' li *x{Age)- 0 ' aM 

x(0. 742 if female) . 210 if mack) 



C° indicates creatinine clearance; MDRD. Modification of Diet in Renal Disease; and So, serum 
creatinine In mg/dL 
Age is given in year? and weight in kilograms. 



often accompanies a reduction in arterial compliance, which 
can be detected through measurement of aortic pulse wave 
velocity and characteristic impedance.** - 3S NoncompJiant ves- 
sels may result in increased systolic blood pressure, increased 
pulse pressure, LVH, and decreased coronary perfusion. Both 
decreased aortic compliance^" 7 and increased pulse pres- 
sure 3 * 1 have been found to be independent risk factors for 
CVD in dialysis patients. 

Patients with CfCD also have a high prevalence of cardio- 
myopathy (Table 2), ,(l Hypertension and arteriosclerosis re- 
sult in pressure overload and lead to concentric LVH fin- 
creased wall-to-lumen ratio), whereas anemia, fluid overload, 
and arteriovenous fistulas result in volume overload and 
primarily lead to left ventricular dilatation with LVH (a 
proportional increase in left ventricular mass and diameter). 
These structural abnormalities may lead to diastolic and 
systolic dysfunction and may be detectable by echocardiog- 
raphy. Clinical presentations of cardiomyopathy include heart 
failure and ischemic heart disease, even in the absence of 
arterial vascular disease. 

Diagnosis of heart failure may be challenging in dialysis 
patients because salt and water retention may be treated by 
ultrafiltration during dialysis, often leaving oiher signs and 
symptoms, such as decreased blood pressure, fatigue, and 
anorexia, as the only clues to its presence. On the other hand, 
salt and water retention may reflect inadequate ultrafiltration 
rather than heait failure or a combination of both heart failure 
and inadequate ultrafiltration. Indeed, one of the major causes 
of inadequate ultrafiltration during dialysis is hypotension, 
which may be a manifestation of heart failure. Regardless of 
the cause, heart failure is a powerful risk factor for adverse 
outcomes in dialysis patients, which suggests thai it is usually 
a manifestation of advanced CVD. 39 Left ventricular mass 



index is dependent on volume status; therefore, there is a need 
for standardized assessments of left ventricular function in 
hemodialysis patients. 40 

CVD Risk Factors in CKD 

fn subjects with CKD, for the purposes of this discussion, we 
classify CVD risk factors as either 'Traditional" or '"non tra- 
ditional" (Tabic 6)/' and wc define traditional risk factors as 
those in the Framtngham Heart Study that have been used to 
estimate the risk of developing symptomatic Ischemic heart 
disease. 42 -* 3 Most of the traditional CVD risk factors, such as 
older age, diabetes rnellitus, systolic hypertension, LVH, and 
low high-density lipoprotein (HDL) cholesterol are highly 
prevalent in CKD. The cardiovascular risk conferred by many 
traditional risk factors, such as diabetes, 6 older age, 2 and 
LVH, 44 largely parallels the relationships described in the 
general population, although some important differences have 
been noted with regard to other risk factors. For example, 
U-shaped relationships exist between all-cause mortality and 
both blood pressure and cholesterol levels in dialysis patients 
(Figure 2). 4S -* 4Jl The increased risk at lower levels of blood 
pressure and cholesterol may reflect confounding from car- 
diomyopathy and malnutrition, respectively, although this has 
not been proved. In support of the latter, hypertension was a 
risk factor for the development of LVH, heart failure, and 
ischemic heart disease but not mortality in a Canadian cohort 
of dialysis patients. 49 

Several cross-sectional studies have suggested that the 
Framingham risk equation is insufficient to capture the extent 
of CVD risk in subjects with CKD. 17 * 30 -*' There are 2 
interpretations for these findings. First, other factors (nontra- 
ditional risk factors) that are not included in Framingham risk 
equations may play an important role in promoting ischemic 



TABLE 5. Spectrum of CVD in CKD; Differences Prom the General Population 



Types of CVD/Pathobgy 



Surrogated 



Clinical Prase fttailons of CVD 



Arterial vascular disease 
Atherosclerosis 



Arteriosclerosis: dilated and 
nan com pliant large vessels 

Cardiomyopathy 

Concentric LVH and LV dilatation with 
proportional Hypertrophy 



inducible ischemia, carotid IMT, £8CT (may be less useful 
than in the GP for atherosclerosis because o* medial rather 
than intimal calcification), ischemia by EC6 

Aortic pulse wave velocity, calcification of the aorta, LVH 
(indirectly), increased pulse p/essure 

LVH, systolic dysfunction, and diastolic dysfunction by 
echocardiogram. LVH by ECG 



IHD {myocardial infarction, angina, sudden cardiac 
deatfi), cerebrovascular disease, FVD, HF 

IHO, HF 



HF, hypotension, IHO 



IMT Indicates intima-media thickness; EBCT. electron-beam computed Tomography; GP, general population; ECG, etectfocardiooram; IHD, ischemic heart disease; 
PVD. peripheral vascular disease; HF, heart failure; and LV, left ventricular. 
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TABLE 6. traditional and Nontraditionat Cardiovascular Risk 
Factors in CKD 



Traditional Risk Factors 



Norrtradrtional Factors 



Older age 
Mate sex 
Hypertension 
Higher LDL cholesterol 
Lower HDL cnolesteroi 
Diabetes 
Smoking 
Physical inactivity 
Menopause 
Family history of CVD 
LVM 



Albuminuria 
Homocysteine 
Upopn>tsir>(a) and apolipoprotein<a) Isoforms 
Lipoprotein remnants 
Anemia 

Abnormal ealdLim/phosphate roetabo&srn 
Extracellular fluid volume averiaad 
fleetrolyte imbalance 
Oxidative stress 
inflammation {C-reactive protein) 
Malnutrition 
Thrombogenic factors 
Sleep disturbances 
Altered nitric ojckte/endotheiln balance 



UJL indicates low-density lipoprotein; HDL, high-density lipoprotein. 
Reproduced and modified with permission from Sarnak at al/ 1 



heart disease in subjects with CKD. Second, traditional risjfcc 
factors may have a qualitatively and quantitatively different 
risk relationship with CVD in CKD compared with the 
general population. For example, individuals with CKD may 
have had a longer and more severe exposure to hypertei\sion 
than subjects without CKD. En addition, subjects with CKD 
may have been treated for hypertension, and the Frcmingharn 
risk equation does not take into account dose or years of 
treatment with antihypertensive medications, 5 * 

To define a nonoraditionaL factor as a risk factor; all of the 
following conditions ideally should be met; (L) biological 
plausibility as to why the factor may promote CVD risk; (2) 
demonstration thai the risk factor level increases with severity 
of kidney disease: (3) demonstration of an association be- 
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Figure 2. Mortality vs systolic blood pressure in hemodialysis 
patients. Dialysis Clinic, Inc prevalent cohort (1992 to 1996; 
n "*5433). Cox regression analysis including age, race, sex, and 
diagnosis as baseline eov&riates and pfl&diatysis (Pre) or postdJ- 
alysis (Post) systolic blood pressure, albumin, and Kt/V as time- 
dependent covariates. Reproduced with permission from Zagdr 
et at * 



twrca the risk factor and CVD in CKD in observational 
studies; and (4) demonstration in placebo-controlled clinical 
trials that treatment of the risk factor decreases CVD out- 
comes. Although conditions I and 2 are met for the most part 
when one considers the nontraditional risk; factors listed in 
Table 6, there remain many gaps in the CKD literature 
regarding condition 3> and particularly condition 4. This is, 
therefore, an active area of research. 

Several nontraditional factors,, such as hyperhomocysteine- 
mia, oxidant stress, dysiipidemia, and elevated inflammatory 
markers, are associated -with atherosclerosis, 53 - 60 and 2 recent 
reviews suggest that oxidant stress and mflammarionmay be 
the primary mediators or the ^missing Link" that explains the 



TABLE 7. Microalbuminuria as a Risk Factor for CVD Outcomes in Subjects With Diabetes 



First Author, Year Inclusion Criteria 


n 


Definition of CVD 


Aumor 
Conclusion 
re: CVD 


Author 
Conclusion rec 
Ail- Cause 
Mortality 


Stehouwer. 2002* Type 2 DM; age <66 y 


363 


NA 


NA 




Gerstein, 2001 60 DM plus anotner CVD risk factor 


3498 


Composite: Mi, stroke, CVD death 




+ 


AgewaB. 1937" DM and treated hypertension 


94 


cvd mortality 


-t- 


+ 


Stephonson, 1995^ Type t DM 


11BS 


CvD morality 




+ 


Stephenson, 1925** Type 2 0M 


3234 


CVD morality 


+ 


+ 


Dinneen, 1997 30 Type 2 DM: pooled odds ratios of 11 cohort studies 


2133 


Composite: CVD morbidity and mortality 






Mogensen. 1964 s1 Type 2 DM; aga 50-75 y 


76 


NA 


NA 


+ 


Valmadrid, 2QGQ 37 Type 2 DM: mean age 68 y 


640 


CVD mortality 


+ 


+ 


Mieffinen, 1996" Type 2 DM 


1056 


Composite: stroke, IHD, and PVD 




NA 


Moment, 1992 s2 Type 1 0M 


63 


CVD mortality 


-f 




Rossing, 1996** Type 1 DM 


939 


CVD mortality 


+ 


+ 


Gad, 1 995 M Whits with type 2 DM 


323 


CVD mortality 




+ 


Uus/iupa, laSS 0 * Incident type 2 DM 


133 


CVD mortality 




MA 



DM indicates diabetes mellitus; NA (no data avaSable), the outcome was not evaluared in rtie study; Ml, myocardial infarction; IHD, ischemic heart disease; PtfD ( 
peripheral vascular disease; +, me author concluded that microalbuminuria was an independent risk facror for the ouicome after adjustment for all other CVD risfc 
factors; ano — , The author concluded thai microalbuminuria wras not an independent risk factor tor the outcome after adjustment far all other CVD risk factors. 

*Macroalbuminuria but nor microalbuminuria was an independent risk factor. 

All subjects are considered highest risk in this table because by definition, subjects had diabetes. Only prospective studies are considered. 
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tremendous burden of CVD in CK.D. riI 0i Other factors such 
as anemia arc associated with cardiomyopathy,*** whereas 
abnormal calcium and phosphorus metabolism is associated 
with vascular remodeling and development of nonCompliant 
vessels/** 

As mentioned above, although many of these putative risk 
factors are associated with increased risk for either all-cause 
mortality or CVD in various stages of CKD**** 7 '^ 1 * for the 
most pan, their causal relationship to CVD has not yet been 
proved in clinical trials. However, 3 important clinical trials 
include the following. The Normal Hematocrit Trial enrolled 
»1300 hemodialysis patients with ischemic heart disease or 
heart failure and randomized them to a prcdialysis hematocrit 
goal of either 30% or 42% with the use of erythropoietin.^ 
The higher hematocrit group had a higher (although not 
significantly) incidence of all-cause mortality and myocardial 
infarction, the primary end point. The Secondary Prevention 
with Antioxidants of Cardiovascular Disease in End-Stage 
Renal Disease ( SPACE) Study randomized 1 96 hemodialysis 
patients with CVD to 800 U of vitamin E or placebo. The 
vitamin E group had a lower incidence of the primary end 
point, which was a composite of myocardial infarction (both 
fatal and nonfatal), ischemic stroke, peripheral vascular 
disease, and unstable angina. 70 Finally, a recent controlled 
trial randomised 1 34 hemodialysis patients ro cither 600 mg 
of oral acetylcysteine (an antioxidant) twice per day or 
placebo. 71 Those patients randomized to acetylcysteine had a 
lower incidence of the primary end point, which was a 
composite of fatal and nonfatal myocardial infarction, CVD 
death, need for coronary angioplasty or coronary artery 
bypass surgery, ischemic stroke, and peripheral vascular 
disease manifested by either amputation or need for angio- 
plasty. Although the latter 2 studies should be interpreted 
with caution because they were small and arc not consistent 
with studies in the general population, 72 it is important to 
recognize that dialysis patients have higher levels of oxidant 
stress and mflairunation than die general population: there- 
fore, the results are provocative and need to be followed up in 
larger trials. 

CVD in Kidney Failure 

CVD mortality is <~ 10 to 30 times higher in patients treated 
by dialysis than in patients in the general population, despite 
stratification for sex, race, and the presence of diabetes. 6 
After stratification for age, CVD mortality remains **5-fold 
higher in dialysis patients than in the general population, even 
at the extremes of age (Figure 1). The high mortality rate is 
likely due to both a high case fatality rate and a high 
prevalence of CVD. 

A high case fatality rate in dialysis patients has been 
observed after acute myocardial infarction and in patients 
with heart failure. Mortality I and 2 years after myocardial 
infarction was 59% and 73%, respectively, in dialysis patients 
(Figure 3), 73 which A3 much higher than after acute myocar- 
dial infarction in the general population, even in subjects with 
comorbid conditions such as diabetes. For example, in the 
Worcester Heart Attack Study, approximately Lhrec fourdis of 
diabetic men and two thirds of diabetic women discharged 
after an acure myocardial infarction were still alive 2 years 




fco. k tek 34.169 97G$ 2SS*./' «5M 2>« 1QS 

Flgura 3. Estimated cumulative mortality after acute myocardial 
infarction among patients on dlatysls. Reproduced with permis- 
sion from Herzog at al. 73 

later. 7 * In another study in dialysis patients, median survival 
was Only IS months after development of dc novo heart 
failure, which is also far higher than observed in the general 
population.* 0 

The prevalences of atherosclerosis, heart failure, and LVH 
are extremely high in hemodialysis parjents (Table 2).* 
Approximately 40% of incident hemodialysis patients have 
clinical evidence of ischemic heart disease or heart failure. In 
addition, the prevalence of LVH in incident dialysis patients 
is high. In the Canadian Prospective Cohort Study of 433 
incident dialysis patients, 74% had LVH at baseline, 44% had 
concentric LVH, 30% had hypertrophy with left ventricular 
dilatation, and 15% had systolic dysfunction- 11 * 

CVD in Kidney Transplant Recipients 

CVD accounts for 35% to 50% of all-cause mortality in 
kidney transplant recipients. 75 - 77 and CVD mortality rates are 
at least twice as high as in an age -stratified sample of the 
general population but significantly lower than an age- 
stratified dialysis population (Figure !).<* " The 2 most likely 
explanations for die reduced risk in kidney transplant recip- 
ients compared with dialysis parents are selection bias for 
those undergoing transplantation and removal of the hemo- 
dynamic and uremic abnormalities associated with dialysis tn 
those who receive transplants. 

CVD morbidity is also higher in transplant recipients than 
in the .general population even in comparisons with popula- 
tion samples with similar age and sex distributions. The 
prevalence of coronary artery disease is w -15%, 10 the preva- 
lence of LVH is 50% to 70%, n -' 5 and the incidence of CVD 
is at least 3 to 5 Times that of the general population.*"* 

Risk factors for CVD in kidney transplant recipients are 
multiple. They include traditional CVD risk factors, such as 
hypertension, diabetes, hypcriipidcrma, and LVH, which are 
highly prevalent and non traditional risk factors associated 
with reduced GFR, such as hyperhomocysteincmia or factors 
unique to transplantation itself, including the direct effects of 
immunosuppression or rejection. It lias recently been demon- 
strated that although the f ramingham risk equation predicts 
ischemic heart disease after kidney transplantation, it tends to 
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Proteinuria as a Risk Factor for CVD Outcomes in Patients Without Diabetes 



Auzhor 
Author Conclusion re: 
Conclusion Ail-Cause 

First Author, Year Inclusion Criteria n Definition of CVD re: CVD Mortality 



Highest-risk population 



Gersteln, 2001* 


Vascular disease 


SSAS 


Composite: Ml. stroke. CVD mortality 






Disrcks, 2QOT 11 


Subjects with ST-T-w8ve changes 


7330 


CVD mortality 




+ 


igh-nsk populations 












De Leeuw. 2002 171 


Systolic hypertension and 
age 5t60 y 


4635 


Composite: fatal and nonfatal CVD 
(stroke and Imd) 


+ 


+ 


Ljungman, I996 1tfi 


Hypertensive and non hypertensive men 


120 


Composite; IHD, stroke, and FVD 




MA 


Aoawali, 193?" 


Treated hypeftension 


S45 


CVD mortality 










216 


NA 






ft rim m 1QQ7 114 


iyichj ni uia upper lOvo Qi uufUiHiiy ntsaiL 

dteease risk 


19 AAA 

l£. ODD 


VfVU IllllILdHiy 






Yudkin, IQBfl 1 * 4 


Diabetic screening project 


167 


NA 


MA 




Colleton, 1998 11fl 


Men with mean age &8 y 


1045 


CVD mortality 






CuDeron, 


Women with mean age 69 y 


1541 


CVD mortality 




+ 


Jajer, 1999 117 


Age 50-75 y stratiflsd by glucose 
tolerance 


631 


CVD mortality 


-4- 




Ptoast, 2001 ^ 


Postmenopausal women 


561 cases, 
557 controls* 


CVD mortality 


+ 


NA 


Kuusisto, 1995 120 


Mean age 68 y 


1069 


IHD death and nonfatal Ml 




NA 


Ordonez, I993 ia 


Nephrotic syndrome 


142 cases, 
142 comrote* 


Composite: Ml, angina and coronary 
insufficiency 




♦ 


ow-risk populations 












Hiitege, 2002" 5 


City of Groningen 


40 458 


CVD mortality 


+ 


+ 


Miariinan, 1996^ 


Finnish cohort 


1375 


Composite: IHD, stroke, and WD 


+ 


NA 


Wagner, 1994 ia 


White men aged 45-74 y, MHAMES 1 


6588 


CVD mortality 




+ 


wagner, lfts<i ia 


White women aged 45-74 y t THAMES 1 


05 aa 


CVD mortality 






Muntner, 2002"" 


NHANESfl 


6534 


O/O mortality 






Kannel, 1Sft4" fl 


Framingham men 


5209 


CVD morality 


4- 




Kannel, 1984"» 


Framlngham women 


5209 


CVD mortality 







+ indcatts thai me author concluded that proteinuria was an independent risk factor for the outcome after adjustment for an other risk factors; the author 
concluded that proteinuria was not an Independent rek factor for the outcome after adjustment for all otner risk factors, Ail other abbreviations as in Table 7. 
^ase-comrol studies. All The rest of the studies m the table are prospective studies. 

Populations were considered highest risk if they had CVD, other vascular disease, surrogates of CVD, or diabetes; high risk if subjects were selected on the basis 
of having a tradffiataJ CVD risk factor such as hypertension or increased aoe; and low risk if the population was a community study. 



underestimate the risks, especially the risk associated with 
diabclcs. 7a The latter effect is probably due to more severe 
diabetic vascular disease in patients with diabetic kidney 
disease. 

CVD in Diabetic Kidney Disease 

In this section, wc primarily focus on microalbuminuria, 
because it is the earliest sign of kidney disease in diabetes. 
We define all patients as being in the highest risk group for 
future CVD events because of the presence of diabetes. 

MicroalDurninuiia is associated with an increased prevalence 
of CVD risk Factors. Although blood pressure may be normal in 
subjects with type 1 diabetes, a pattern of u nondipping" at night 
is frequently observed by 24-hour ambulatory blood pressure 
monitoring and may precede the development of microalbumin- 
urb."^ Non dipping is a wcll-rccognizcd CVD risk factor. Dia- 



betic subjects with microalbuminuria also have an increased 
prevalence of dyslipideroia, poor glucose control, and increased 
blood pressure compared with diabetic patients without 
micro dbuminuria, ™-* 1 

There is a strong association between microalbuminuria 
(albuminuria) and CVD in cross-sectional analysis. This 
relationship has been found for surrogate measures, such 
as carotid intima-media thickness* 2 and LVH,* 3 -** and 
different clinical presentations of CVD, such as coronary 
artery disease*' and peripheral vascular disease.* 5 The 
relationship between microalbuminuria (albuminuria) and 
clinical CVD has been confirmed in diverse racial/ethnic 
groups, including Koreans, American Indians, and Asian 
Indians. 9 l - 6fis7 Although the relationship is present in both 
type I and type 2 diabetes, the relationship is generally 
stronger in type 2 diabetes because of the older age of 
individuals with this disease. 
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TABLE 9. Decreased GFR as a Risk Factor for CVD Outcomes 



First Author, Year 


Inclusion Criteria 


n 


Definition of CVD 


Aumor 
re: CVD 


Atffrer 
Conousicn re. 

Mortality 


Highest-risk populations 












Dries. 2000'" 


Section foceon £33% 


5834 


Pump failure /nonalfty 


4- 




Kearey, 2002'*° 


Aimmatcwy patients with chronic HF 


553 


Molality due to progressive HF 






McCleilan, 2002'" 


HFbyICD9code 


665 


NA 


NA 




Hillege, 2QQ0* 1 


Cass m and rv nyha hf and LVEF <35% 


1906 


NA 


NA 




Mahon, 2002 ,a 


H? 


535 


NA 


NA 




McCtftough, 2000'" 


ecu 


9544 


Arrhythmias, conduction probfems, HF, shocK mitral 












regulation 






Soman, 2002™ 


ecu 


9544 


Arrhythmias 




NA 


Marts. 1993 !C 


MI 


417 


CVD mortality 




+ 


ttfetsh, 2002 ,CI 


MI 


433 


NA 






Seattle, 2001 « 


Ml 


1724 


NA 


NA 




Stfipak, 2002 i * 


EJrteny and m 


130099 


NA 






Wright, 2002' 9 ' 


Ml 


3106 


NA 


NA 


+ 


MCCUIIOC^ 2DO2 :J0 


Emergency department wim possffite MI 


508 


Composite: ali-eauss martafity, Ml, HP 


■t- 


NA 


AJ SuwaJdl 2D02 


Adits Gonrary symJtutnes 


37 325 


Gompnslie al-ra.se monafrty and Ml 






Fr^enTHn, 2003' 7> 


AaAe coronary fiymrtmes 




NA 


NA 


+ 


Wson, 20Q3 ,M 


Acme coronary syndromes 


2503 


CVD mortality 


4- 


NA 


jarttizz!, 20O2 1 * 0 


Nnn-ST-eievatian comnary syndVome 


1570 


Composte: alkause mortality. Ml and refractory 


+t 


NA 








istfiemia 




Best, 2002** 




5327 


NA 


NA 




Snaw, 2002'* 


pa 


100253 


CVD mortality 






Ruaenstetn, 2000 1 " 


PC 


3334 


Composite: all-cause mortality. Ml, CABG, and 
repeat PO 


™f" 


^_ 


Ftenecke, 2003'" 


pa 


1049 


NA 


NA 




SzczeCi, 2001 lM 


CABS or PQ 


58575 


NA 


NA 




SzczecTK 2002 1U 


CABG or PQ 


350$ 


CVD mortality 


4- 


+ 


Gruberg, 2002'* 


Coronary stents 


5094 


NA 


NA 




Gruberg, Z003 1 " 


PQ wfth saphenous uefn grafts 


1265 


NA 


NA 


-f- 


Arrierson, 1999"' 


CABS 


3902 


CoflipOSfte! C3fO)3C 3JT69L SnXJ HF 


-4- 




Beddhu, 200Z™ 


Coronary anojognjphy 


8600 


Ml 


■4- 




Hemmefgarrt, 2001 44 


Coronary anglograpny 


16989 


NA 


NA 




SNIpaK, 200V" 


Postmenopausal women wsih coronary tfceee 


2763 


Composite IHD and aroke 




NA 


Mann, 2001 737 


Vase Liar rflsgpse or dsbstss combined with 


9237 


rrkfTTmqfhv fVH mnmlltv Ml arwf ctrrl«» 

Lrf-N ll^AWkWi l*»U IIAJUIiltliy, [Ml, alU 




1 + 
-*-* 




another CVD risk (actor 








Anderson, 2000 m 


Valwe strgery 


634 


Cornposfts; cardac arrest and low cardiac output 


-♦» 




High-risk poptiatJons 












ftled, 1998^ 


AgearfiSy 


5201 


NA 


NA 


+ 


ManJunam. 2D03 ,,T 


Age &£5 y 


4593 


Composite: HF, IHD, PVD, stroke, and CVD mortality 




+ 


ManoHo, 1996 1 * 5 


Age a=65 y 


5201 


Stroke 




MA 


Gotafieoer, 2000™ 


Age ^65 y 


5383 


HF 




NA 


taliope, 2001'" 


Hypertension 


13597 


Composite: CVD death, Ml and stroke 


+ 




Schillad, 200i 1 * 


Whites uriEh hypertension 


1829 


Composite: 1KD, TIA, stroke, HF, and symptomatic 


-i- 










aonjoiliac disease 






DeLeeuw, 2002 )l ' 


isoiaied systolic hypertension and age &60 y 


4695 


Fatal and rcntatal CVD (stroke and IHD) 


4- 




Monnr '*Vl9 l62 

rwivy, aju£ 


ftge oO ro /b y ana 27% dm by design 


631 


CVD mortality 




+ 


Rack, 1993 16 ' 


Hypertensive men 


5524 


CVD mortality 






Snulman, 1989* 


HypertEnson 


10940 


CVD 


+ 




O'Brien. 20O? rt 


General surgery; mean 9ge GO V 


49 081 


Cardiac arrest 


■+- 




Low-risk po^Li tattoos 












Garg, 2002 IW 


NHANESI 


23S2 


CVD mortality 






Mi/raner, 2oa2 ,,fl 


NHANES U 


6534 


CVD mortality 




+ 


Cuileton. I999 m 


Men 


2B37 


Composite: CVD death, HF, IHO, and stroke 






Culteton, 1999'* 


Women 


3388 


Composite: CVD rnonalrty, HF, IHD, and stroke 
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TABLE 9. Continued 



Author 

Aunor Conclusion eg 

First Author, Year hflusJon CrteHa n Definition <* (VD rer OfD* MaSty 

Manjuram, 20O3 ,:> Age 45-65 y 15350 Canroaste CVD molality, stroke, and IKD + na 

Wamametriee, 1937"' Men 40-59 y 7690 stroke + + 

Vfamamethee, 1997' 71 Men 4fV-59 y 7690 IHD - + 



HF indicates ftsart feffure; ICO 9, International Cassffleailon trf Diseases, 9th revision; NA (no data available), the outcome was not evaJuaifld in me study; NYHA 
New York Heart Association; LVEF, left ventricular ejection fraction; CCU, coronary care unit: Ml, myocardial infarction; PCI, percutaneous coronary intervention; CABG, 
coronary artery bypass graft; 1HO, ischemic heart disease; PVD, peripheral vascular disease; TIA, transient ischemic attack; DM, diabetes meUftus: +, me author 
concluded tnat decreased GR\ was an independent risk factor for the outcome after adjustment ror aH other risK factors; and - the author concluded that GFR was 
nor an independent risk factor for the outcome after adjustment for all other risk factors. 

"Positive for 6-month follow -up and negative for 1 -year follow-up. 

tNot adjusted. 

tAdjusted only for center. 

Studies whose primary goal was to evaluate whether CKD is a risk factor for acuta kidney failure are not included In this tabte. Only prospective studies are 
considered in this table. Populations wera considered highest risk if they had CVD, other vascular disease, surrogates of CVD, or diabmes; high risk if subjects were 
selected on the basis of having a traditional CVD risk factor; and low risk it they were community studies. 



Longitudinal studies also document that microalbuminuria 
is an adverse prognostic indicator for clinical CVD outcomes 
and all-cause mortality in subjects with diabetes (Table 
7) SO.B4.SJI-V7 p or example in the Heart Outcomes Prevention 
Evaluation (HOPE) Study (subjects with vascular disease or 
diabetes plus another traditional risk factor at baseline), those 
with microalbiimiiiuria and diabetes had a 1. 97-fold (95% 
confidence interval 1.6$ to 2.31) and 2.15^fold (95% confi- 
dence interval 1.78 to 2.60) increased risk for a composite 
outcome of myocardial infarction, stroke, or CVD death, as 
well as all -cause mortality, respectively, compared with 
subjects with diabetes without microalbuminuria. 60 A recent 
pooled analysis of type 2 diabetes in 1 1 cohort studies (2138 
patients followed up for a mean of 6.4 years) showed that 
microalbuminuria was associated with an adjusted overall 
odds ratio for all-cause mortality of 2.4 (95% confidence 
interval 1.5 to 3.1) and for cardiovascular morbidity and 
mortality of 2.0 (95% confidence iniervaJ 1.4 to 2.7). TO 

There are several potential explanations for why the 
presence of microalbuminuria may be a risk factor for 
outcomes in diabetes. First, as discussed above, subjects with 
microalbuminuria have a higher prevalence of traditional risk 
factors than diabetic subjects without microalbuminuria. 
However, even after adjustment for other risk factors, the 
presence of microalbuminuria remains an adverse prognostic 
indicator (Table 7). Second, microalbuminuria may reflect 
generalized endothelial dysfunction and increased vascular 
permeability or abnormalities in the coagulation and fibrino- 
lytic $ystems. aRQ * Third, microalbuininuria may be associated 
with inflammatory markers. 100 Fourth, microalbuminuria may 
denote the greater severity of end organ damage. Therefore, 
even if one adjusts for the presence of clinical CVD, the 
subject with microalbuminuria likely has more advanced 
disease. 

CVD in (NTondiabetic Kidney Disease 

In ibis section* wc focus on proteinuria and reduced GFR as 
manifestations of CKD. Wc consider proteinuria rather than 
microalbuminuria alone because studies have evaluated mi- 
croalbuminuria, albuminuria, dipstick proteinuria, or ne- 



phrotic range proteinuria. Nephrotic syndrome in diabetic and 
nondiabctic individuals is associated with a number of disor- 
ders that have been implicated in CVD, such as extreme 
dyslipidemia and hypercoagulability, and is reviewed else* 
where. 101 - 102 The goal of this review is to highlight the 
importance of lower levels of proteinuria. 

We define a highest-risk population as one that is selected 
for already having CVD, other vascular disease, surrogates of 
CVD (such as LVH), or diabetes. An imennediate-risk 
population is one that is selected for having a traditional risk 
factor for CVD, such as increased age or hypertension. A 
low-risk population, was defined as a community study. 

Proteinuria 

As in subjects with diabetes, nondiabetic persons with mi- 
croalbuminuria have a higher prevalence of CVD risk factors 
(including dyslipidemia, increased blood pressure by 24-hour 
ambulatory blood pressure monitoring, heavier body size, 
insulin resistance, and a history of smoking) than subjects 
without microalbuminuria.' 03 - 105 There is a strong association 
between microalburnirturia and CVD in cross-sectional anal- 
ysis. For example, m i croalb urn in uri a is associated with sur- 
rogates of CVD, such as increased inuma-med ia thickness of 
the carotid artery in hypertensive subjects, 1 ** more freqvicnt 
concentric LVH in hypertensive men, lfU abnormal left ven- 
tricular geometry and mass in subjects with hypertension and 
LVH,' 07,1011 and electrocardiographic evidence of myocardial 
ischemia. I<w Subjects with microalbuminuria also have a 
higher prevalence of clinical CVD than those without 
microalbuminuria. 1 os 

As in subjects with diabetic kidney disease, the presence of 
proteinuria in nondiabetic individuals is, for the most part, 
independently associated with an increased risk for CVD 
events in longitudinal studies (Table g),*u*. , ».» i*wia* Microal- 
buminuria in nondiabetic subjects in die HOPE study was 
associated with a 61% increased risk of the composite end 
point of stroke, myocardial infarction , or CVD death and a 
2-fold increase in risk for all-cause mortality. 30 In low-risk 
populations, however, the residls have been less consistent. 
For example, in the Framingharn Heart Study, the relative 
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Figure 4. Smoothed 3 -year predicted probability (Pred. Prob.) of developing CVD by level of GFR in the Cardiovascular Health Study. 
Unadjusted curve shows risk incorporating each Individual's value for other covariates. Adjusted curve shows average risk In population 
if everyone had GFR value shown on x-axis. Linear model includes GFR as continuous variable in Cox regression, whereas cubic spline 
indudas cubic transition between linear segments with knots (at 0.05, 0.275, 0-5, 0-725, 0.95 quantiles of GFR) corresponding to GFR 
values of 45.3, 64.0, 76-2. 88.5. and 107.3 mt_ - min" 1 per 1 .73 m B , respectively. Tick marks along the *-axis indicate GFR values for 
individual participants with events (marks form sofid bar in GFR regions with many events). Lower GFR cutoff of 30 mL ■ min -1 per 1.73 
m 2 was chosen because only 37 subjects had GFR values between 15 and 30 mL - min" 1 per 1.73 therefore, data were less pre- 
cise in latter range. Reproduced and modified with permission from Manjunath et al. w 



risk for CVD death or all-cause mortality for dipstick-positive 
proteinuria in women was similar to thai in the HOPE study, 
but there was no significant independent association between, 
dipstick-positive proteinuria and these outcomes ^ men. no 
Conversely* in the Prevention of Renal and Vascular End 
Stage Disease (PRE VEND) Study, a community study in the 
Netherlands, a doubling of urine albumin concentration was 
associated with a 29% increase in relative risk for CVD 
mortality. 1 lfi As in diabetic kidney disease, the presence of 
microalbuminuria in nondiabctic individuals may reflect gen- 
eralized endothelial dysfunction 1 45-129 or abnormalities of the 
fibrinolytic and coagulation pathways, may be a marker of 
inflammatory status,'** or may denote the greater severity of 
the target end-organ damage. 

Reduced GFR 

Reduced GFR is associated with a high, prevalence of CVD 
risk factors and a higher prevalence of CVD surrogates and 
clinical CVD. For example, several studies across a broad 
spectrum of populations, such as the HOPE study, the 
Cardiovascular Health Study (CHS), the Hypertension Opti- 
mal Treatment (HOT) Study, the Framingharn and Framing- 
ham Offspring Studies, and the Atherosclerosis Risk In 
Communities (ARIC) Study, have shown that levels of 
systolic blood pressure and total cholesterol and the percent- 
aye of subjects with low HDL cholesterol are greater in 
subjects with decreased GFR. In addition, the percentages of 
subjects with diabetes, electrocardiographic LVH, ischemic 
heart disease, and heart failure are higher in those with 



decreased GFR. m - ,as More recently, h has been demon- 
strated that the level of kidney function is also associated with 
the extent of demonstrable angiographic coronary disease. 
For example, in women with chest pain who undergo angiog- 
raphy, an elevated creatinine of 1.2 to 1.9 rog/dL is an 
independent predictor of significant angiographic coronary 
disease, as defined by a luminal narrowing of 50%. 136 

The prevalence of LVH is also inversely related to the level 
of GFR. In one study, the prevalence of LVH, as measured by 
echocardiography, was 45%, 31%, and 27% in patients with 
creatinine clearance of <25, 25 to 50, and >50 niL/min, 
respectively. 9 These percentages contrast sharply with the 
<20% prevalence of LVH in similar-aged patients in the 
general population/ 

Reduced GFR i& also associated with clinical CVD out- 
comes in prospective studies. It is important initially to 
consider the effect of reduced GFR on CVD outcomes 
without adjustment for other risk factors for 2 reasons. First, 
decreased GFR may be associated with other CVD risk 
factors and therefore may be useful for risk stratification in 
and of itself Second, the adjusted analyses may inappropri- 
ately reduce the association between level of GFR and 
outcomes. That is, reduced GFR may result In more severe 
hypertension and dyslipidemia., and therefore one may ovcr- 
corrccr for effects if factors in the causal pathway of lower 
GFR to CVD are included in statistical adjustments. Figure 4 
demonstrates the difference in the probability of developing 
CVD over 3 years by level of GFR with and wichout 
adjustment for other CVD risk factors in the CHS 13 '' Without 
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adjustment for other risk factors, a GFR of 30 mL ■ min" 1 per 
1 .73 in 2 is associated with a CVD risk of 40%, compared wiih 
15% associated with a GFR of 130 mL • min"' per 1.73 m 2 . 
After adjustment for other CVt> risk factors, a GFR of 30 mL 
• min"' per 1,-73 to* its associated with a CVD risk of 22%, 
compared with 1 5% associated with a GFR of 1 30 mL • min" 1 
per 1 .73 nr. The interpretation of this finding is that although 
much of the risk of CKD is due ro its association with other 
CVD risk factors, the presence of CKD in and of itself 
remains an important independent risk factor for CVD 
outcomes. 

Decreased GFR has consistently been found to be an 
independent risk factor for CVD outcomes and all-cause 
mortality in the highest-risk populations (Table 9).* This is 
true in subjects with vascular disease or diabetes plus another 
CVD risk factor, after coronary artery bypass, after cardiac 
valve surgery, after myocardial infarction, in patients under- 
going percutaneous coronary interventions, in patients with 
unstable coronary syndromes, in patients presenting to the 
emergency ward with chest pain, and in patients with heart 
faUure.t Furthermore, it appears that this increase in risk is 
present with even mild reduction in kidney junction, ^V".'™ 

In high-risk populations, most but not ail studies have 
suggested that decreased GFR is an independent risk factor 
for outcomes. This is true in the elderly, in whom even mild 
reductions of kidney function arc associated with worse 
outcomes. 137 in studies of subjects with hypertension," in 
studies of populations with a higher than normal prevalence 
of diabetes. 105 and among older patients undergoing general 
surg cry.' In the Multiple Risk Factor Intervention Trial 
(MRF1T), the baseline creatinine level was not independently 
associated with CVD outcomes or all-cause mortality. How- 
ever, an increase in follow-up serum crearinine level at 6 
years did predict adverse CVD outcomes. 1 ** 7 The authors 
postulated that the lack of association with baseline scrum 
creatinine may have been due to a narrow range of serum 
creatinine levels at baseline. 

In low-risk populations or community studies, the relation- 
ship between the JevcL of kidney function and outcomes has 
not been as clear. In both die Framingham Study and the first 
National Health And Nutrition Examination Survey 
(NrtANES I), the level of kidney function was not an 
independent risk factor for CVD outcomes, 131 - 170 whereas in 
the ARIC Study and NHANES II, it was a risk factor for both 
CVD and all-cause mortality. "^'^ Potential reasons for Ihe 
discrepancies in the studies include differences in the study 
populations (for example, blacks were part of the ARIC study 
but not the Framingham studies), alternate measures to 
ascertain level of kidney function (serum creatinine is less 
sensitive than estimated GFR to detect small differences in 
level of kidney function and therefore may be less likely to 
delect an association in a low -risk population), and potential 
type II errors due to lower CVD event rares in community 
studies. 17 * Either way. it appears thai the presence of reduced 
GFR is either not a risk factor or at most is a modest 
independent risk factor for CVD outcomes in low-risk 
populations. 

•Referees 4. IH. U9, 131-134, 137-177! 

tRcfcrwices 132. 135, l59, 140. 144 -M6. ]49. 1S5, 161, 175. 176. 



There are a number of possible explanations for the indepen- 
dent association of reduced GFR and CVD outcomes. First, a 
reduced GFR may be associated with an increased level of 
noniradidonal CVD risk factors that frequently are not assessed 
in many studies. ' fifUKI Second reduced GFR may be a marker of 
undiagnosed vascular disease or alternatively a marker for the 
severity of diagnosed vascular disease^ especially in high- or 
highest-risk populations. Third, reduced GFR may be a measure 
of residual confounding from traditional CVD risk factors. For 
example, subjects with reduced GFR may have had more severe 
hypertension or dyslipidcmia and therefore have suffered more 
vascular damage secondary to hypertension or dyslipidemia. 
Fourth, recent studies have su gg ested that subjects with reduced 
GFR are less likely to receive medications or therapies such as 
angiotensin converting enzyme inhibitors, ^-blockers, aspirin, 
platelet inhibitors, thrombolytics, or percutaneous intervention 
than patients with preserved GFR, Perhaps as important was the 
fact that in the same studies, patients with reduced GFR who did 
receive the above interventions obtained similar benefit as 
patients with preserved GFR."*-' ».»»•■ Finally, de- 
creased GFR itself may be a risk factor for progression of 
ventricular remodeling and cardiac dy&fcncrion. 

The results in Tables 7 through 9 rri3y be limited for the 
following reasons. First, negative results may not have been 
submitted or published, resulting in a publication bias. Sec- 
ond, we did not perform a systematic review to locate all 
studies for which the primary goal was the evaluation of the 
relationship between either proteinuria (albuminuria) or re- 
duced GFR and CVD outcomes. Third, there is a possibility 
that other studies of which we are not aware evaluated risk 
factors for CVD outcomes and included proteinuria (microal- 
buminuria) or level of kidney function in the multivariate 
analyses. Finally, we have not included studies for which the 
primary goal was the evaluation of risk factors for acute 
kidney failure — for example, after receiving intravenous 
contrast agents. These studies may be relevant* because 
reduced GFR is a strong risk factor for acute kidney failure 
and through this mechanism may lead to an increase in CVD 
events and all -cause mortality.'** 

Unanswered Questions 
There remain many unanswered questions. A few, alluded to 
above, include the following: Are all the potential nontradi- 
tional risk factors defined in Table 6 indeed risk factors for 
CVD in ail stages of CKD? Is a mild decrease in GFR 
associated with an increased CVD risk in low-risk popula- 
tions, and if so. through what mechanism? Will therapy 
designed specifically to reduce albuminuria/proteinuria de- 
crease CVD events? What are the cellular mechanisms of left 
ventricular remodeling in CKD, and how may treatment 
modalities alter this process? We also expand on 2 additional 
questions. 

First, is the presence of CJCD more of a risk factor for heart 
failure or ischemic heart disease outcomes? There is debate in 
the literature whether the presence of CKD leads primarily to 
accelerated atherosclerosis with manifestations of ischemic 
heart disease or cardiomyopathy manifested primarily as 
heart failure. A recent study in kidney transplantation patients 
has shown that the incidence of dc novo heart failure was 
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considerably higKer in kidney transplant recipients than in the 
Framingharo cohort, whereas the incidence of ischemic heart 
disease was not. 1 * 5 However, because most studies have not 
clearly distinguished between the risk of heart failure versus 
the risk of ischemic heart disease, this issue remains unre- 
solved and needs additional study. 

Second, is there a threshold level of GFR below which an 
increased risk for CV£> begins or where the risk for CVD 
increases in a nonlinear fashion? Many studies have suggested 
that the relative risk tor CVD increases more rapidly below a 
GFK. of ~60 mL - min" 1 per 1.73 m 2 h3.im.i*m«u*>; however, 
formal statistical analyses have not had sufficient power 10 prove 
this point 1 * 3 * 37 In theory, a threshold level of GFR of -60 mL 
■ min -1 per \ .73 m 2 may make sense, because die prevalence of 
many nonJxaditional risk factors, such as anemia and abnormal- 
ities of calcium and phosphorus metabolism, increases as GFR 
decreases below this range. 

Summary 

There is a high prevalence of CVD in subjects with CKD_ The 
presence of CKD, whether it is manifested by proteinuria 
(albuminuria) or reduced GFR, appears to be an independent 
risk factor for CVD outcomes, particularly in higher-risk 
populations. These findings are consistent with the NfCF cask 
force recommendation that patients with CKD shouJd be 
considered in the highest-risk group for CVD events. The 
seventh report of the Joint National Committee for the 
Prevention, Detection, Evaluation and Treatment of High 
Blood Pressure (JNC-7) incJudes CKD as a "compelling* 
indication, justifying lower target blood pressure and treat- 
ment with specific antihypertensive agents. 18 * Similarly, the 
recently published ^NKF-K/POQl Clinical Practice Guide- 
lines on Managing Dyslipidcrnia in Chronic Kidney Disease" 
recommend that all patients with CKD be included in the 
highest-risk group, justifying a lower target low-density 
lipoprotein cholesterol level. 53 By contrast, the third report of 
the Adult Treatment Panel of the National Cholesterol Edu- 
cation P iug ; am (ATP -HI) does not include CKD in the list of 
high-risk conditions necessitating more aggressive manage- 
ment, 11 " We suggest that the National Cholesterol Education 
Program and other groups include CKD in the highest-risk 
group for recommendations for prevention, detection, and 
treatment of CVD risk factors. In addition, these findings 
reinforce the recent recommendation from the MKJF on the 
importance of early identification and treatment of CKD and 
its associated comorbid conditions. We sug&est that the 
routine evaluation of patients with CVD or those at high risk 
for CVD include measurement of spot urine albumin- to-crc- 
atiuine ratio or total protein-to-creatininc ratio and estimation 
of GFR by scrum creatinine and prediction equations. Finally, 
there is an urgent need for additional randomized controlled 
studies to evaluate potential treatments of CVD in CKD. 
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Abstract There is growing awareness of a need not 
only to identify patients with chronic renal failure 
(CRF) at an earlier stage in the disease process, but 
also to initiate treatment strategies earlier, in order to 
delay both progression of CRF and co-morbid diseases 
and to define the optimal time required to prepare 
CRF patients for renal replacement therapy (RRT). 
These three strategies are linked, and rely on appro- 
priate identification of patients at risk of renal disease. 
The challenge currently facing nephrologists is both 
how to minimize the consequences of late referral and 
how to improve the timeliness of referral. 

Published studies support the notion that outcomes 
are poor in patients who access specialized nephrology 
care late in the course of their renal disease (just prior 
to the need for dialysis). A National Institute of Health 
consensus publication recommends early referral to a 
multidisciplinary renal care team, and the recent 
Canadian Society of Nephrology guidelines recom- 
mend that at least 12 months are needed prior to 
initiation of dialysis for adequate medical and psycho- 
logical preparation for RRT. Despite these recom- 
mendations, a substantial proportion (20-50%) of 
patients starts dialysis without prior exposure to 
nephrologists. 

Limited data exist on current referral patterns to 
nephrologists. Diabetes and/or hypertension cause 
renal disease in up to 40% of patients requiring dialysis. 
These patients are presumably being monitored by 
internists, endocrinologists or cardiologists, and many 
referrals come from these physicians; other patients 
may be referred by general practitioners. 

Data regarding disease status at the time of referral 
are also limited. Substantial cardiovascular disease and 
risk factors are evident at the time of referral. Most of 
the literature describes data for those starting dialysis 
(i.e. late referral) rather than a broader spectrum of 
all patients with renal insufficiency referred to nephrol- 
ogists. Reasons for late referral include insensitivitv of 
current screening tools. Serum creatinine is well known 
to be an inaccurate marker of renal dysfunction, and 
too insensitive to identify patients with very early 
stages of disease, thus contributing to the prevale nce 
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of late referrals. Physician and patient attitudes are 
other barriers to early referral and need to be studied 
more fully. 

The consequenc es of late referrals include increased 
morbidity, mortality, and resource utilization. There is 
also an impact on patients' quality of life and mis^ d 
opportunities for pre-emptive transplantation. Late 
referral also limits therapeutic options, and these lim- 
itations have consequences on long-term outcomes 
once patients are on dialysis. 

It is clear that late referral of patients with CRF 
obviates the opportunity for significant delay of disease 
progression and institution of proactive strategies to 
reduce the overall burden of illness in the population. 
There is ample evidence that strategies to delay progres- 
sion of renal disease are effective, as are strategies to 
reduce cardiovascular disease. Anaemia and a fall in 
haemoglobin concentration have been associated with 
left ventricular hypertrophy and with growth of the 
left ventricle. A combined approach is necessary for 
best nephrological clinical practice, with a clear defini- 
tion of early renal ^sufficiency; this will involve the 
development of tools to permit early identification of 
patients with early renal insufficiency, and the imple- 
mentation of strategies to optimize treatments aimed 
at both delaying progression and preparing patients 
for RRT. 

Key words: dialysis; early renal insufficiency; renal 
disease; screening; serum creatinine 



Introduction 

Morbidity and mortality remain high among patients 
on dialysis, despite advances in technology and 
improved understanding of treatment strategies. 
Factors that are present at the initiation of dialysis, as 
well as those that exist before its commencement, have 
an impact on patient outcomes. If long-term patient 
outcomes are to be improved, then there is a need for 
earlier identification of, and intervention in, patients 
with renal disease. Strategies have been described that 
delay the progression of both renal and comorbid 
diseases. Optimal treatment of patients before initiation 
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of dialysis is contingent on an accurate definition of 
the population categorized as 'pre-dialysis 5 patients. 
However, the term 1 pre -dialysis' is still used to define 
a heterogeneous group of patients, including those who 
are referred both 'early' and 'late' in the clinical course 
of their renal disease. Once accurate definitions and 
terminology arc established, it will be important to 
deternyine the barriers to timely referral so that they 
can be systematically addressed. Finally, it is important 
to establish goals for the treatment of patients with 
chronic or progressive renal failure, and strategies by 
which to achieve those goals. This paper addresses 
issues related to late referral to ncphrologists, focusing 
on current referral patterns and their consequences, 
ihe current burden of illness in the renal population, 
both prior to and at initiation of dialysis, and the 
known consequences of late referral. 



Current referral patterns 

Current referral patterns can be classified into 
three major categories: early, late, and not referred 
(Figure 1). For patients with renal insufficiency, the 
consequence of never being referred to a ncphrologist 
is death; the extent to which this currently occurs is 
not known- Alternatively, if patients are referred early 
in the course of their renal disease, opportunities to 
intervene exist that may delay or halt the progression 
of the renal disease process and/or of associated 
car diovascular, metabolic and bone diseases [1-4 J. 
Furthermore, with early referral, adequate physical, 
social, and psychological preparation for renal replace- 
ment therapy (dialysis or transplantation) is possible. 
If patients arc referred late in the course of their renal 
disease, opportunities for proactive intervention are 
lost, as is adequate time to prepare for arteriovenous 
access or living donor transplantation. Optimal therapy 
for patients with renal disease, therefore, includes 
timely referral to a nephrology team. 

Timely referral', however, remains a poorly defined 
term. The National Institute of Health (N1H) Con- 



sensus Conference Statement, published in 1994 [5], 
described the need to refer patients to a nephrology 
team at least 4 months before initiation of dialysis. In 
a 1999 Canadian Society of Nephrology publication 
'timely referral' is defined as being at least 12 months 
prior to dialysis initiation [6]. Both definitions of 
timeliness presuppose that general practitioners, 
internists, and other specialists arc able to predict when 
dialysis will be necessary in any given pa dent — a 
difficult skill even for trained nephrologists. Problems 
therefore will be encountered in defining timeliness, as 
a knowledge of future events is required. It has been 
suggested that timely referral to a nephrologist should 
apply to any patient who has evidence of renal impair- 
ment, or to those within high-risk groups (e.g., patients 
with hypertension, diabetes, or cardiovascular disease) 
who have abnormalities of renal function or urine 
sediment. For the purposes of this article, however, 
"late referral* is defined as those persons commencing 
dialysis therapy within 4 months of being known to a 
nephrologist. 

It is estimated that 20-50% of patients starting 
dialysis are late referrals [7], The variation in reported 
prevalence rates is explained by differences in defining 
the group of patients for whom there was an opportun- 
ity for earlier referral Approximately 20-25% of 
patients starting dialysis were previously known to a 
physician, but were not referred to a nephrologist in a 
4 timely l manner. The other 25% of patients classified 
as 'referred Late' were not referred earlier for a number 
of reasons: the patients either had acute renal failure 
that did not resolve, or rapidly progressive glomerulo- 
nephritis, or were non-compliant or asymptomatic, or 
were unknown to a physician. 



Magnitude of the problem of renal insufficiency 

To view the current problem of late referral in context, 
it is useful to review population data that define 
patients at risk, or patients who have early renal 
disease. Data from the National Health and Nutrition 
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Examination Survey (NHANES 111) of 12000 people 
in the United States has estimated the prevalence of 
early renal insuinciency (ERJ) to be between 10.9 
million and 0.8 million, depending on the definition of 
'early' renal disease (i.e. serum creatinine concentra- 
tions > l.5g/dl or >2.0g/dl) [8]. In the UKL, Khan 
et aL [9] estimated the annual incidence in the popula- 
tion of serum creatinine concentrations greater than 
300 umol/1 to be approximately 600 per million popula- 
tion. If individuals over the age of 85 years and 
individuals wich malignancy are excluded, the incidence 
of serum creatinine is still impressive at approximately 
450 per million (9). The proportion of the population, 
therefore, who ought to be referred to a nephrologist 
is huge and potentially beyond the current capabilities 
of most national nephrology communities. If preven- 
tion or delay of renal disease progression does lead to 
improved patient outcomes, then planning for 
increased workload and strategies is essential. 

Screening for r email disease 

Interestingly, the estimates of populations who poten- 
tially require renal replacement services are based on 
defining renal dysfunction according to serum creati- 
nine concentrations, unadjusted for body size or 
gender. The true prevalence of individuals with 
impaired renal function is likely to be much higher if 
renal function, not just scrum creatinine concentration, 
is used to define renal dysfunction. The recent 
Modification of Diet in Renal Disease (MDRD) for- 
mula, and older formulae, such as Cockcroft-Gauit, 
have been used to improve estimates of renal function 
from simple laboratory parameters [10,11], In a large 
urban population, Duncan et aL [ !2] recently surveyed 
all patients attending a centralized municipal set of 
laboratories and applied the conservative, simple 
CocJccroft-Gault formula to all patients whose serum 
creatinine was measured. Using a creatinine clearance 
cut-off of less than 50% to define abnormal, it was 
demonstrated that of 15% those patients with normal 
serum creatinine concentrations according to labora- 
tory criteria had abnormal renal function when the 
Cockcroft-Gault formula was applied. These results 
identified a group of patients who were at risk but 
were not easily identified by non-nephrologists. 
Recently, Couchoud and colleagues (13) proposed that 
a set of sex- and age-corrected serum creatinine cut- 
off concentrations should be implemented to appreciate 
differences in renal function not reflected by serum 
creatinine. The first step in ensuring timely referral of 
patients to nephrologists is the implementation of 
sensitive screening tools . 

In a recent editorial in this journal, Jungers (14) 
addressed the utility and feasibility of screening for 
renal uisufficicncy. He concluded that since the *prin- 
ciples of preventative therapy are now well established, 
and the evidence that appropriate drug intervention 
is effective in halting or at least slowing renal insuffi- 
ciency', strategies to improve early identification and 



care of renal patients are essential (14). However, 
current patterns of Mate referral 1 may reflect, at leasr 
in part, difficulties with , today's screening tools. 
Strategies that serve to educate both patients and 
physicians about the meaning of specific tests of renal 
function may be useful. Examples of similar campaigns 
to educate patients and physicians can be found in the 
field of cardiovascular disease, with respect to 
cholesterol screening [15,16]. 

At present, nephrologists should focus on those 
renal patients who are kixotvn to the medical system 
but who have not yet been referred to the kidney 
disease specialist. Reasons for n on- referral to nephrol- 
ogists, therefore, need to be examined. These reasons 
include non-recognition of ER1 (see above), and non- 
nephrologist attitudes towards (i) the utility of dialysis, 
(ii) the role of nephrologists, and (iii), in some health 
care systems or cases, physician concerns about loss 
of income. It is beyond the scope of this paper to 
review each of these in depth, but it is important to 
acknowledge that the problems of non-referral and 
delayed or late referral are related both to issues of 
identification of renal dysfunction and to attitudes 
towards referral. 



Physicians factoirs 

Attitudes towards referral by non-nephrologists have 
been studied by only a few investigators. Mendelssohn 
et aL [17) demonstrated that 84.3% of general practi- 
tioners in Ontario, Canada, would not refer patients 
with serum creatinine concentrations between 120 and 
150 umol/1 (which reflects at least 50% loss of renal 
function), and that almost 30% would not even refer 
patients with serum creatinine concentrations of 
151-300 umol/1. Similar attitudes have been docu- 
mented in other countries including the USA, the UK, 
and France. 

Other reasons for delayed referral include the per- 
ceived futility of dialysis for older, diabetic patients 
and the perceived non-utility of nephrology care prior 
to the actual start of dialysis. Specifically, many special- 
ists perceive nephrologists only as providers of dialysis 
therapy. A problem of delayed referral even at low 
levels of renal dysfunction may be due to a lack of 
appreciation of the meaning of scrum creatinine con- 
centrations in relation to renal function, or a lack of 
appreciation of the utility of nephrological care during 
early stages of renal insuificiency. Ultimately, late 
referral translates into lost opportunities for interven- 
tion, and therefore contributes to the poor outcomes 
seen in patients who are 'referred late'. Interestingly, 
there is a dearth of publications in general medical 
journals describing the impact of nephrology care on 
patient outcomes. The few studies that have specifically 
addressed nephrological care and patient outcomes 
have been published in nephrology journals [1,18-22], 



Consequences of lace referral oa pauent outcomes 

Consequence of delayed referral 

The consequences of late referral have been well docu- 
mented by numerous investigators since as early as 
1972 (11,23-27). Morbidity and mortality among 
patients 'referred late* is worse than among those 
referred in a timely manner. The cost to the health 
care system in terms of hospitalizations and procedures 
is also higher. 

Numerous clinical, hematological, hormonal and 
metabolic abnormalities have been documented in 
patients at the time of dialysis initiation, including 
anaemia, malnutrition, hyperparathyroidism, hypcr- 
phosphatacmia, hypocalcaemia, acidaemia, hyperten- 
sion, and congestive heart failure. The presence of low 
albumin, anaemia, left ventricular hypertrophy (LVH), 
and congestive heart failure at dialysis initiation have 
been linked to poor dialysis outcomes [28-31], Each 
of these parameters is potentially modifiable. Although 
no data exist yet to link changes in these factors to 
changes in patient outcomes, it would seem rational 
that attention to these abnormalities before dialysis 
initiation would have a positive impact on longer-term 
patient outcomes. However, large prospective studies 
are needed to confirm such a positive impact on patient 
outcomes. 

A very direct consequence of later referral is the 
lack of permanent vascular access, and the precipitous 
commencement of dialysis in unstable patients. Studies 
have shown that late referral leads to an increase in 
infection, morbidity, and even mortality [19,21,32]. 
Furthermore, modality selection may be influenced by 
the timing of referral: those patients who are referred 
to nephrology teams early in the course of their disease 
arc more likely to choose peritoneal dialysis rather 
than haemodialysis [33,34], Delayed referral therefore 
has major direct consequences for patients and for 
health care systems. 

Publications to date have described the status of 
patients at the time of dialysis initiation relative to the 
time of referral. Problems with these analyses include 
the retrospective nature of the studies, the lack of 
reasons given for early vs late referral, and non-uniform 
definitions of 'early 1 vs 'late 5 referral. Despite these 
shortcomings, the data arc remarkably similar irre- 
spective of the country or health care system from 
which they are derived. Patients who are referred to a 
nephrologist early (usually defined as more than 4 
months prior to beginning of renal replacement 
therapy) are younger, and have higher albumin, bicar- 
bonate, and haemoglobin concentrations than those 
who are referred late; in addition, patients referred 
early are more likely to have a permanent access and 
to have chosen peritoneal dialysis as an initial modality. 
Many of the publications pre-date the N1H Consensus 
guideline recommendations. Curtis el al. therefore 
examined current practice in a recent Canadian survey 
[manuscript in preparation]. Table 1 shows that similar 
referral patterns are evident, even in the current era 
(1998-1999). Approximately 30% of patients commcne- 
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Table I. Patterns* of referral Lo a nephrologist (recent nanism 
survey: 15 centres/7 provinces: ] -month sample) 





All 


Known 


Not known 


p-value 




(238) 


(157) 


<M) 


Age (years) 


59 


57 


62.5 


0.01 


Diabetes (%) 


38 


35 


36 


0.54 


HD (%) 


67 


6a 


65 


0M 


Temp, line (<%) 


5Z.5 


41 


75 


0.00 1 


Albumin 


31 


33 


29* 


0.002 


Hb(g/cU) 


9.2 


9.4 


8.9 


0.051 


CCr 


10.9 


11 


I0.S 


0.057 



"Significant difference. 



ing dialysis in Canada were known to nephrologists 
for less than 3 months prior to starting dialysis; these 
patients were older, more likely to have diabetes, had 
started haemodialysis through a temporary line, and 
had lower albumin and haemoglobin concentrations 
at the initiation of dialysis. 

There is substantial evidence to show that late 
referral of patients to nephrologists results in poorer 
clinical status at the time of dialysis initiation. Given 
that the factors known to adversely affect long-term 
dialysis outcomes are present in late-referred patients, 
a proportion of the morbidity and mortality of patients 
on dialysis may therefore be attributed to the failure 
to refer patients to a nephrologist and institute appro- 
priate treatments in a timely manner prior to dialysis 
initiation. 

Data available from the Canadian Multicentre 
Cohort Study of Patients with Early Renal 
Insufficiency (funded by the Kidney Foundation of 
Canada) allows some documentation as to the status 
of patients seen by nephrologists. A total of 446 
patients seen by nephrologists in eight centres across 
Canada were entered. The mean creatinine clearance 
of the group was 36 ml/min (mean serum creatinine 
concentration of 263 umol/l), indicating substantial, 
although not end-stage, renal impairment. Inter- 
estingly, almost 25% of the group had a creatinine 
clearance of less than 25% [35], At study entry, this 
group of patients demonstrated a high prevalence of 
cardiovascular diseases and risk factors for cardiovas- 
cular disease. Specifically, the prevalence of LVH was 
36% overall, and 4£% in the group with a calculated 
creatinine clearance of less than 25 ml/min (i.e. the 
group most likely to commence dialysis). In this popu- 
lation, as in the dialysis population, anaemia and a 
fall in haemoglobin concentration were associated with 
LVH and with growth of the left ventricle. Cardiac 
symptoms, according to New York Heart Association 
and Canadian Cardiovascular Society classifications, 
as well as hospitalizations, are associated with lower 
haemoglobin concentrations, lower renal function 
values, faster rates of renal decline, and growth of the 
left ventricle. In identifying modifiable risk factors, this 
study highlighted the opportunities for intervention 
that exist in the renal population prior to dialysis. 

Obrador et a!. [36] reported that even in those 
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patients seen by nephrologists, sub-optimal care is 
being delivered. Their recent study reviewed patients 
seen in different nephrology settings over a 2-year 
period; their data show that almost 60% of patients 
seen by nephrologists commence dialysis with albumin 
concentrations below 35 g/1, and that only 25% of 
anaemic patients receive epoetin. Patients who were 
older, female, Caucasian, and had private medical 
insurance were more likely to receive epoetin [36]. 
These findings demonstrate that care may not be 
optimal even in current nephrology practice. As 
nephrologists attempting to increase the numbers of 
patients referred earlier in the course of disease, it is 
important that improved outcomes at both dialysis 
initiation and in the long term are demonstrated by 
further studies. Levin et at [19] have previously estab- 
lished that when patients attend a multidisciplinary 
clinic, the patient's clinical status is improved at dialysis 
initiation and over the first 6 months of dialysis. 
However, the optimal timing and the extent and type 
of interventions necessary to improve renal patient 
outcomes still need to be defined. 

Conclusion 

The consequences of late referral to nephrologists on 
patient outcomes are profound and far reaching. 
Effective strategies currently exist to prevent or delay 
both the progression of renal disease and the serious 
co-morbidities that exist in the population with renal 
insufficiency. The most serious consequence of late 
referral to a nephrologist is that it is too late to apply 
these known strategics to patients who may have 
benefited had they been referred earlier. Equally serious 
is the inability to study systematically the impact of 
different strategies in patients with chronic renal 
insufficiency. As a result, clinicians and researchers are 
unable to reduce the burden of illness in the renal 
patient population, and the subsequent impact of that 
burden of illness on health care systems. Obvious 
strategies to improve this situation include clearly 
defining chronic renal insufficiency populations for 
both nephrologists and non-nephrologists, identifying 
better tools for screening, screening of high-risk popu- 
lations, and educating both patients and physicians as 
to the utility of screening and early implementation of 
treatment strategies, such as preventing a fall in haemo- 
globin concentration. The implications of implementing 
these strategies and improving patient outcomes are 
obvious; however, both human and fiscal resources will 
be required. 
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Perspectives in Diabetes 

The Need for Early Predictors of Diabetic 
Nephropathy Risk 

Is Albumin Excretion Rate Sufficient? 

M. Luiza Caramori, Paola Fioretto, and Michael Mauer 



Initial studies showing an -80% rate of progression 
from microalbuminuria (MA) to proteinuria in type 1 
diabetic patients led to the broad acceptance of MA as 
a useful clinical predictor of increased diabetic 
nephropathy (DN) risk. Some MA patients, however, 
have quite advanced renal structural changes, and MA 
may, in these cases, be a marker rather than a predictor 
of DN. More recent studies have observed only about a 
30-45% risk of progression of MA to proteinuria over 10 
years, while about 30% of type 1 diabetic patients with 
MA became normoalbuminuric and the rest remained 
microalbuminuric. The finding that some MA patients 
have only mild diabetic renal lesions is consistent with 
the lower than originally estimated risk of progression 
from MA to proteinuria and with the notion that some 
MA patients revert to normoalbuminuria. To increase 
the complexity of the scenario, some normoalbuminuric 
long-standing type 1 diabetic patients have well-estab- 
lished DN lesions and -40% of all patients destined to 
progress to proteinuria are normoalbuminuric at initial 
screening, despite many years of diabetes. A similar pic- 
ture is emerging in type 2 diabetic patients, although 
fewer studies have been conducted. Thus, the predictive 
precision for MA to progress to overt nephropathy over 
the subsequent decade or so is considerably less than 
originally described. It is unclear whether this is due to 
changes in the natural history of DN resulting from 
improved glycemia and blood pressure control, or 
whether there were overestimates of risk in the original 
studies due to the small sample sizes, post hoc analyses, 
and variable MA definitions. Albumin excretion rate 
(AER) remains the best available noninvasive predictor 
of DN risk and should be regularly measured according 
to established guidelines. However, AER may be unable 
to define patients who are safe from or at risk of DN with 
an accuracy that is adequate for optimal clinical decision 
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making or for the design of certain clinical trials. Inves- 
ti gations into new risk markers or into the combined use 
^several currently available predictive parameters are 
needed. Diabetes 49:1399-1408, 2000 



The proportion of patients with end-stage renal dis- 
ease (ESRD) caused by diabetes has progres- 
sively increased during the last few decades, and 
diabetic nephropathy (DN) is now the single most 
common cause of ESRD in the Western world. In fact, in 
1997, 44% of all new cases of ESRD in the U.S. were diagnosed 
in diabetic patients, >80% of whom have type 2 diabetes (1). 
Although a recent study from Sweden (2) in which patients 
were maintained under strict glycemic control reported a 
decrease in the incidence of DN in type 1 diabetic patients, 
this result has not been confirmed (3) . 

Based on studies in type 1 diabetes, it had been generally 
considered that once overt DN, manifesting as persistent 
proteinuria, is present, it was only possible to slow, but not 
halt, the progression toward ESRD (4-6). This led investiga- 
tors during the early 1980s to search for early predictors of 
DN through the measurement of low concentrations of albu- 
min in the urine. Some diabetic patients were found to have 
increased urinary albumin excretion rates (AER) not 
detectable by standard laboratory methods, and this condi- 
tion was termed microalbuminuria (MA). Initial retrospec- 
tive studies in type 1 diabetic patients (7-9) observed a risk 
of progression from MA to proteinuria of -80% over the sub- 
sequent 6-14 years. These early studies, each of which used 
different AER criteria for MA, led to a consensus conference 
in which a general agreement was reached on the definition 
of MA (AER, 20-200 ng/min) (10) . Since then, there has been 
broad acceptance of MA as a marker of increased DN risk. 
However, concern has been raised that there is a wide range 
of underlying diabetic glomerular lesions among long-stand- 
ing type 1 diabetic patients (11,12). For some patients with 
persistent MA, renal lesions are quite advanced (11-13) and 
treatment for these patients could be less effective than at ear- 
lier stages of the disease. Thus, for these patients, MA may be 
a marker rather than a predictor of advanced renal structural 
changes. Therefore, it is not surprising that patients with MA 
may progress to proteinuria despite strict glycemic control 
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(14) and effective antihypertensive treatment Thus, it would 
make sense to try to Identify normoalbuminuric patients at 
increased DN risk in order to select those at early stages still 
amenable to aggressive intervention strategies such as strict 
glycemic control. 

Although MA remains the best available marker for DN risk, 
we will review more recent studies suggesting that the per- 
centage of MA patients progressing to proteinuria over —10 
years is 30-45%, much less than the initial reports of -80% 
(7-9) . Also, some MA patients may revert to normoalbumin- 
una. Although these differences may represent changes in the 
disease s natural history with improvements in treatment 
MA is still a less precise predictor of DN risk than originally 
suggested. In fact, MA patients often have only mild diabetic 
renal injury (11,12), a finding consistent with a lower risk of 
progression from MA to proteinuria. 

The presence of normal AER in long-standing diabetic 
patients has been said to identify patients at low risk of DN. 
However, a significant proportion of normoalbuminuric long- 
standing diabetic patients have well-established DN lesions 
(11,12). and -40% of those who are ultimately at risk of pro- 
gression to proteinuria are normoalbuminuric, despite many 
years of diabetes. Thus, it will be argued that AER. albeit the 
best currendy available noninvasive predictor of DN risk, is 
unable to define patients who are safe from DN with an accu- 
racy optimal for clinical decision making or for the design of 
certain clinical trials. For these reasons, it is suggested that 
investigations into new risk markers or into the combined use 
of several currently available markers may lead to impor- 
tant advances in this field. 

METHODS 

For a predictor of DN to be optimally useful, it should iden- 
tify individuals at increased risk of the development of seri- 
ous diabetic renal disease early enough in the natural history 
of the disorder that the evolution of the process can be influ- 
enced by intervention strategies. MA is uncommon in the 
first decade of type 1 diabetes, especially during the first 
5 years (15-20), and by 20-25 years much of the natural his- 
tory of the disorder has already declared itself within a 
patient population. Therefore, we used data derived from 
patients with 10-15 years of type I diabetes duration to deter- 
nine the prevalence of normo^buminuria, MA, and protein- 
uria in cross-sectional studies. Because the duration of type 2 
diabetes is usually not accurately known, diabetes duration 
was not considered in the selection of prevalence data for our 
calculations. Longitudinal studies using AER as a predictor 
of the subsequent development of proteinuria and studies 
from which such information could be extracted (e.g., con- 
trol populations in clinical trials) were also reviewed. We 
attempted to review all pertinent published articles in this area 
but rather than performing meta-analyses, we selected those 
longitudinal studies for review which met the criteria outlined 
below. Omitted were articles with unorthodox definitions of 
MA, short follow-up times, or inadequate descriptions of the 
methods. It was considered important that patients be fol- 
lowed for at least 5 years from the baseline evaluation. This 
long follow-up was selected to improve the likelihood that the 
patients final outcome would be reflected by the follow-up 
data. Shorter durations of follow-up were not extrapolated to 
longer follow-up times because data on patterns of progres- 
sion of MA patients over time (e.g., linear and log linear) 
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were not available. We divided these studies into 3 groups. 
Group A consisted of studies that adopted the consensus 
(10) definition of MA (AER of 20-200 pg/min in at least 2 of 
3 sequential timed urine collections performed over 1-6 
months) in which only patients with 5 or more years of fol- 
low-up were included In group B studies, baseline AER was 
defined on the basis of a single urine sample and/or the fol- 
low-up was a mean or median of 5 years. Studies that would 
have been in group A or group B but that used different AER 
criteria to define MA were put in group C Studies with a 
mean or median follow-up of <5 years were not included. 
Studies in type 1 diabetic patients were included only if base- 
line diabetes duration for all patients in these longitudinal 
studies was at least 7 years. We considered type 1 and type 2 
diabetes studies separately 

TYPE 1 DIABETES 

Diatflrattic oepliunipaitlby ffisBt nn iftCirfflliGMtolinniiiillttfliric type 1 
diabetic paitSerats. Three landmark studies placed the issue 
of AER measurements in diabetic patients at center stage. Two 
of the studies met the criteria for inclusion in this review (7,9), 
while 1 study included normoalbuminuric patients with as lit- 
tle as 1 year of diabetes duration at baseline (S) . The 2 
included studies were in group C (Table I ) . One study found 
progression from normoalb uminuria to MA (denned as AER 
1 5-150 ug/min) in -14% (9) and another found progression to 
proteinuria in -12% of patients (7). 

Three studies were included In group A, Forsblom et aL 
(21), in a small well-designed study, found that -7% of nor* 
moalbuminuric patients progressed to proteinuria and 1 4% to 
MA over 10 years of follow-up. Drs. Peter Rossing and Hans- 
Heraik Parving (personal communication) , at our request, 
reanalyzed their extensive data based on criteria we imposed 
for group A studies. This study, which is by far the largest to 
date, found progression rates similar to those of Forsblom et 
al. (21) (Table I). Moreover, there was no difference in dia- 
betes duration at baseline in the patients remaining nor- 
moalbuminuric compared with those progressing to MA or 
proteinuria at follow-up. Mathlesen et aL (22) found somewhat 
lower progression rates (Table I) but excluded some hyper- 
tensive patients. Interestingly Mathiesen et aL noted that the 
rate of progression from norrnoalb uminuria to MA and pro- 
teinuria was almost constant throughout the 10 years of the 
study. The progression risk was somewhat lower in the nor- 
moalbuminuric younger patients of Chiarelli et aL's study 
(23) (Table 1). 

Drs. Michael Steffes and William Thomas facilitated our 
access to Diabetes Control and Complications Trial (DCCT) 
data. Normoalbuminuric patients randomized to conven- 
tional insulin treatment with at least 5 years of follow-up 
were selected for group B studies (DCCT, unpublished data). 
The DCCT used a single baseline urine sample for initial clas- 
sification (14). Nonetheless, the DCCT results are identical to 
those of Rossing and Parving (Table i) . The study by Rudberg 
et al. (24) in children and adolescents showed somewhat 
higher rates of progression to MA (Table 1). 

Based on these studies, we estimate that 5% of normoal- 
buminuric patients with at least 7 years of type 1 diabetes will 
progress to proteinuria over the next 5- 1 0 years, whereas 1 7% 
will progress to MA, Progression from normoalbuminuria to 
proteinuria presumes at least the transient presence of MA. 
Thus, careful follow-up and repeated measures of AER are 
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TABLE 1 

Risk oF progression From normoalbuminuria to microalbuminuria or proteinuria in type 1 diabetic patients 







Diabetes 


Observation 


Cumulative incidence 


Cumulative Incidence 






duration (years) 


oeriod fvears^ 


of proteinuria (%) 


of microalbuminuria (%) 


Group A 








6.9 


13.B 


Forsblom et aL (2l) 


29 


22.1 * 5.4 (15-38) 


10 


Rosslng and Parving 


453 


19.7 * 9.3 (7-^40) 


9.0 = 1.3 (5-10) 


5 


17 


(personal communication) 




17 £ 5 (10-30) 






10 


Mathiesen et aL (22) 


209 


10 


3.8 


Chiarelli era!. (23) 


170 


^9.3 (7.1-23.2) 


-8 (8.1-9.3) 


0 


10.6 


Group & 






6.8 x 1-5 (5-9) 






DCCT (unpublished data) 


204 


10.6*2.3 (7-15) 


5 


17 


Rudberg et al- (24) 


53 


-U.5 
>8 


6 


5.7 


28.3 


Group C 






- (7-14) 




13.8 


Mogensen and Christens en (9) 


29 


- (7-19) 


0 


Parving et al. (7) 


17 


15 * 4 (10-24) 


6 


11 8 


0 



Data are n, %, or means ± SD (range) . 



necessary to detect increasing AER in these patients. In fact, 
studies show that AER values in the higher range of nor- 
moalbuminuria indicate greater risk of progression to MA 
(25), and these findings should be considered in clinical and 
clinical research settings. 

Glomerular structure in normoalbuniinuric type 1 dia- 
betic patients. Glomerular structure is normal at onset of 
diabetes, and changes can be detected by morphometric 
measurements within 1.5-2.5 years after onset (26). How- 
ever, because the normal range for glomerular structures, 
such as glomerular basement membrane (GBM) width or 
mesangial fractional volume (Vv[Mes/glom]) is quite wide, it 
may take some time for some individuals to progress from the 
normal to the abnormal range. However, glomerular changes 
in long-standing diabetes axe always discernible as evidenced 
by direct comparison with measures from the patient's non- 
diabetic identical twin (27). Thus, all patients with type 1 
diabetes appear to be developing glomerular structural 
changes of diabetes, albeit some at very slow rates. Others 
develop lesions so fast that they result in overt DN in as lit- 
tle as 10 years. Therefore, it is not surprising that long-stand- 
ing normoaibuminuric type 1 diabetic patients have 
increased GBM width and Vv(Mes/glom) compared with age- 
and sex-matched nondiabetic normal control subjects. In the 
largest study performed (12), 66 nonproteinuric patients 
were divided into 4 groups on the basis of their AER as fol- 
lows: I) normoaibuminuric with AER <15 pg/min. n = 33; H) 
low level MA with AER 15-30 ug/min, n = 11; HI) MA with 
AER 31-70 ug/min, n = 13; and IV) MA with AER 71-150 
ug/min, /1 — 9. Glomerular structural parameters were com- 
pared with 52 age- and gender-matched normal control sub- 
jects. Because MA is uncommon during the first decade of dia- 
betes and the degree of glomerulopathy is directly related to 
the duration of diabetes (28), only patients with diabetes 
duration of at least 1 0 years were included. All parameters of 
glomerulopathy were abnormal in the normoaibuminuric 
group, although approximately half of the patients fell into 
the normal range. Figure 1 shows data on Vv(Mes/glom) in 
these patients, but similar results were obtained for GBM 
width. Note that in many of the group I (normoaibuminuric) 
patients, Vv(Mes/glom), the structural parameter most 



closely related to renal functional disturbances in diabetes 
(29), overlapped with values in patients in the MA groups 
(groups IH and IV) and. in some instances, approached lev- 
els regularly associated with overt DN. Note also that several 
of the normoaibuminuric patients (group I) with Vv(Mes/ 
glom) above the normal range had a reduced glomerular fil- 
tration rate (GFR) (<90 ml/min/1.73 m"), hypertension, or 
both (Fig. 1). The combination of normoalbuminuria and 
reduced GFR is more likely to occur in type 1 diabetic 
women (30,31) and may be related to a self-selected low- 
protein diet. Whether some of these patients would have 
been MA on a normal protein diet is not known. 

Other studies have shown that significant, glomerular 
lesions can be present in normoaibuminuric patients. Berg et 
al (32) found that 36 noimoalbuminuric adolescents (median 
diabetes duration 10.8 years, range 7.5-19.2) had greater GBM 
width and mesangial matrix fractional volume than normal 
control subjects, but Berg et al did not report an increase in 
Vv(Mes/gIom) in these patients with approximately half of the 
diabetes duration of our cohort (12). Using pooled data from 



0.60 




Group 



Group U Group 111 Group IV 



FIG. 1. Mesangial fractional volume (Vv[ro*saug*uWgIomcriiliix)) lo 
the 4 groups of patients. The shaded *re* represents the means a 2 SD 
In a group of 52 age-matched normal control subjects. Normal BP 
and CFR; O, reduced GFR (<90 ml • mln" 1 ■ 1.73m"*): □, hypertension 
(£140/85); E3. reduced CFR and hypertension. *P c 0.005 vs. groups 1 
and n (12). 
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TABLE 2 

Risk of progression from microalbuminuria to proteinuria in type I diahetic patients 



Patient group and study 



Diabetes Observation Cumulative incidence Cumulative incidence 

duration (years) period (years) of proteinuria (%) of norrnoalbuminuria (%) 



Group A 

Forsblom etal (2t) 

Rossing and Parving 
(personal communication) 
Group B 

DCCT (unpublished data) 

Rudberg et aL (24) 

Group C 

Mogensen and Christ&nsen (9) 
Viberti et al. (8) 
Parving et aL (7) 



20 25.7 = 5.7 (16-36) 
132 20.3 = 8.7 (7-40) 



30 
It 



14 

8 
6 



11.4 = 2.3 (7-15) 
>a 

- (7-19) 
14.1 ±2.9(7-33) 
19 = 5 (13-25) 



9.1 



10 

1-3 (5-10) 



7.3 ± 1.6 (5-9) 
8 



-10 (7-14) 
14 
6 



25 
30 



23 
18.2 



65.7 
87.5 
62.5 



35 
20 



43 
36.4 



7.1 
0 
25 



Data are /?, %, or means * SD (range). 



several studies from her laboratories, 0sterby (28) described 
an increase in GBM width in norm c^burnin uric type I dia- 
betic patients, whereas Vv(Me$/glom) was similar in control 
subjects and norrnoalbuminuric patients. However, the dif- 
ferences in our results (12) compared with 0sterbys (28) 
results are best explained by the marked differences in dura- 
tion of diabetes in the 2 groups of norrnoalbuminuric patients 
(12 years in the Aarhus cohort versus 21 years Ln the Min- 
nesota cohort). It should also be pointed out that the results 
of the norrnoalbuminuric patients shown in Fig. I were con- 
firmatory of our earlier study (1 1). However, different struc- 
tural definitions were used in our earlier study (II), and this 
has Led to some confusion ln the interpretation of our results 
(32a) . In fact our findings of advanced lesions in some nor- 
rnoalbuminuric patients are also entirely consistent with the 
natural history data previously described. Thus, it is not sur- 
prising that some patients, who are norrnoalbuminuric after 
many years of type 1 diabetes but have advanced glomerular 
lesions, may progress to MA and proteinuria. In fact, in a 
prelirninary 5- to 17-year follow-up study of normoalbumin- 
iric patients with long-standing diabetes, we found that 
Jiose progressing to MA or proteinuria had worse glomeru- 
lar lesions at baseline than those who remained normoalbu- 
minuric (33). The increase in AER at early clinical stages is 
related primarily to increasing Vv(Mes/glom). Thus, we pre- 
viously showed that changes in AER over 5 years correlated 
with changes in Vv(Mes/glom) over this time, but not with 
other structural variables (34). 

Doabetic nephropathy risk in micmaJbtiMSMniimc type 1 
diabetic patients. The 3 original articles (7-9) on this sub- 
ject studied a total of 30 patients, used 3 different ranges of 
AER to define MA, may have used post hoc methods to select 
those ranges, and Included some patients whose baseline 
status was defined by a single urine sample (7,8) . Progression 
to proteinuria from MA over &- 1 4 years occurred in -80% of 
these patients (group C) (Table 2). 

The prospective study by Forsblom et al (21) suggested 
that these 3 initial studies may have overestimated the risk of 
progression From MA to proteinuria. This study evaluated 20 
MA type 1 diabetic patients with 16-36 years of diabetes dura- 
tion using group A criteria (Table 2) and found progression to 



proteinuria 10 years later in only 25%. whereas 35% reverted to 
norrrioalbuminuria and 40% remained micraalbiiminurie. One 
argument that could be raised against the conclusions of this 
study is that by selecting patients with at least 1 5 years of dis- 
ease duration, the study was biased toward patients less likely 
to progress, because most patients destined to develop pro- 
teinuria will do so before 20 years of duration. Drs. Peter Ross- 
ing and Hans-Henrik Parving (personal conuriunication) per- 
formed analyses that we requested on their extensive patient 
population and permitted the use of the data for this review 
(Table 2). Using group A criteria, they followed 132 MA 
patients with 20.3 * 8-7 (range 7-40) years' duration for a mean 
of 9.1 years. Thirty percent had developed proteinuria, 20% 
became noirnoalbuminuric, and 50% remained microalbu- 
minuria at follow-up. Duration of diabetes was, in fact, shorter 
at baseline in those with MA progressing to proteinuria (17 ± 
8 years) than those remaining with MA (22 ± 9 years, P < 
0.005) but was not different from those becoming normoal- 
burninuric (20 ± 9 years). These data are consistent with an ear- 
lier abstract by Rossing et aL (35) indicating a 4 5% risk of pro- 
gression to proteinuria in MA patients with <15 years of dia- 
betes duration vs. 26% progression rate in patients with >15 
years' duration. Indeed, these studies confirmed Forsblom et 
aL's (21) observations of a 25% risk of progression of patients 
with 15 or more years of diabetes duration. Interestingly, data 
extracted from conventionally treated MA DCCT patients 
(group B) (Table 2) revealed progression rates to proteinuria 
similar to those of the group A studies (Table 2) . However, dura- 
tion of diabetes in this DCCT cohort was 7-15 years and pro- 
gression to proteinuria was only 23%. This was less than the 45% 
progression rate in the similar but much larger cohort of Ross- 
ing et aL (35). These differences could be due to the less rig- 
orous definition of MA at baseline in the DCCT study or could 
represent population differences. Rudberg et al. (24) found an 
even lower progression rate (18.2%) (Table 2) in MA children 
and adolescents. The reason for this Is not clear, but it may be 
age related (see also Chiarelli et al [23], Table 1) or a conse- 
quence of the small sample size. 

Based on these more recent studies, we estimate the rate 
of progression from MA to proteinuria over 5-10 years to be 
-30%, perhaps 15% higher in patients with <15 years' dia- 
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TABLE 3 









Observation 


Cumulative incidence 


Cumulative incidence 


Patient group and study 


n 


Age (years) 


period (years) 


of proteinuria (%) 


of microalbuminuria {%) 


Group A 










20.4 


Forsblom ec al. (39) 


108 


-58 (35-70) 


9 


8.3 


Tanaka et al. (40) 


74 


-61 (60*75) 


6 


0 


32.4 


Ravid ec al. (41) 


97 


54-4 x 2.9 (38-59) 


6 


0 


15-5 


Group B 






5.8 (1.5-6.0) 


2.6 


18.8 


Gall ec al. (43) 


191 


55 (20-65) 


Ravld et aL (44) 


621 


47.7 * 4.5 (40-60) 


7.8 x 0.9 (2-9) 


14.5 


17.9 


Group C 








5.5 




Mo gens en (38) 


128 


-66 (50-75) 


10 




Kawazuetal. (45) 


33 


-54 


8 


0 


57.6 


Jerunis et aL (46) 


51 


57*7.1 


6.4.s2.l (3-10.3) 


11 8 


5.9 


Haneda et aL (47) 


34 


-57 


5 


2.9 


29.4 


Niskanen et al. (48) 


92 


-56 (45-64) 


5 


0 


10.9 



Data are jj, %. or means ± SD (range). 



betes duration, but considerably lower than originally esti- 
mated. It is possible, of course, that with a follow-up >10 
years, more MA patients would progress bo proteinuria. How- 
ever, it is also possible that more progression would be seen 
with longer follow-up in the normoalburninuric patients. 
These long-term data are needed but are currently not avail- 
able. One hypothesis that could explain these reduced pro- 
gression rates is the recent change in the natural history of this 
disorder based on newer treatment strategies such as 
improved systemic blood pressure control. Although cur- 
rently available data are not conclusive, Drs. Rossing and 
Parving did not find a different rate of return to normoalbu- 
minuria from MA in patients treated or not treated with anti- 
hypertensive medications (P. Rossing, H-R Parving, personal 
communication), including ACE inhibitors (ACEI). Another 
suggestion is that overall management of glycemia has 
improved since the original observations. There are no stud* 
les with adequate statistical power to address this hypothe- 
sis with confidence. Nonetheless, the DCCT could not 
demonstrate that improved glycemia has a beneficial effect 
on the risk of progression from MA to proteinuria (14). 
GkMim&iruJlar stzructumre 5m ionmcroaillb>iuuni^ type & dia- 
betic patients. Unlike the controversies regarding nor- 
moalbuminuric patients, there is general consensus that, on 
average, MA patients have increased G6M width and 
Vv(Mes/glom) compared with normoalbuminuric patients 
(11-13,36) and control subjects (11-13). However, all stud- 
ies have shown wide ranges of glomerular structure among 
type 1 diabetic patients with MA. Thus, GBM width ranges 
from the upper limits of normal to markedly increased. 
Moreover, there Is no significant increase in GBM width in 
patients with different levels of MA (1 2). The same is true for 
Vv(Mes/glom) (Fig. 1) when the values in MA patients in 
groups l5 and IV ranged from the upper limits of normal (12) 
to levels that overlapped with those observed In patients 
with proteinuria (PR. M.M., unpublished data). The values 
in the patients in groups IH and IV were greater than in 
patients with lower levels of increased AER (1 5-30 ug/min, 
group II) and normoalbuminuric patients (group 1), whereas 
groups I and II overlapped completely (12). 0sterby (28) 



found some MA patients with Vv(Mes/glom) in the normal 
range. We also found this to be true when patients with AER 
in the range of 15-30 ug/min were examined (group II) 
(Fig. 1). However, at higher levels of MA, Vv(Mes/giom) was 
increased In virtually all patients. Also r we found that 
patients with AER >30 ugfrnin had a relatively high inci- 
dence of hypertension, decreased GFR (<90 ml ■ min" 1 1 .73 
m^) , or both (1 2) . Nonetheless, even among these patients, 
the range of Vv (Mes/glom) was quite wide and the values in 
the MA patients overlapped with those of the normoalbu- 
minuric patients (Fig. 1). In longitudinal studies of MA 
patients, Bangstad et al- (37) found that GBM width at base- 
line biopsy was predictive {i 2 * 0.67, P< 0-0001) of AER after 
6 years of follow-up, whereas Vv (Mes/glom) was a significant 
but less precise predictor. 

In summary, the presence of serious diabetic glomerular 
lesions in some no rrnoalburninuric patients suggests that 
altered glomerular permeability to proteins is not a necessary 
precondition for the development of these lesions. It is 
unlikely that established diabetic glomerular lesions are of 
little prognostic value in normoalbuminuric patients. On the 
contrary, preliminary studies indicate a greater risk of pro- 
gression in normoalbuminuric patients with more advanced 
lesions (33) . The risk of progression to proteinuria over the 
next decade of long-standing type I diabetic patients with 
persistent MA is less than originally estimated. Moreover, 
approximately one-third of MA patients will return to nor- 
moalbuminuria. On the other hand, because 5% of long- 
standing normoalbuminuric patients will be proteinuric and 
17% will be microalbuminuric after 5-10 years of follow-up. 
and because -75% of long-standing type I diabetic patients 
will be normoalbuminuric at initial evaluation (15-19), one 
can estimate that 40% of those patients at risk of DN will be 
nonnoalbuminuric at baseline. This variable outcome could 
reflect the wide range of glomerular structural measures 
seen among normoalbuminuric and MA patients; however, 
this hypothesis has not been adequately tested. Finally, these 
observations should be taken into account in discussing 
prognosis with individual patients and, perhaps, in making 
decisions about treatment. Certainly, these data must be 
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TABLE 4 

Risk of progression from microalbuminuria to proteinuria in type 2 diabetic patients 



Patient group and study 



Observation Cumulative incidence Cumulative incidence 
Age (years) period (years) of proteinuria (%) of normoalbuminuria (%) 



Group A 

Tanaka et al. (40) 

Ravid et al. (52) 

Ahmad et al. (53) 
Croup 3 

Gail and Parving 
(personal communication) 
Group C 

Mogensen (38) 

Yajlma et aL (54) 

Kawazu er aL (45) 

Haneda et aL (47) 

N&kanen er al. (48) 



49 
52 
58 

S6 



76 
59 
15 
13 
21 



-65 (60-75) 
44.8 = 3.5 (36-49) 
50.3 ± 2,1 (45-55) 

58 (28-65) 



-66 (50-75) 

-56 
-56 (45-S4) 



10 

9 
8 
5 
5 



53.1 
36.5 
20.7 

34.8 



Z2.4 
35.6 
40 
33.3 
0 



0 
O 
42-9 



Data are n. %. or means - SD (range) . 



carefully considered when designing intervention trials for 
MA patients. 

TYPE 2 DIABETES 

Diialbetic nephropathy risk in ziminto^biiitmMuiric type 2 
diabetic patients. Mogensen (38) first studied the prognos- 
tic value of A£R in type Z diabetic patients (Table 3) .AER was 
measured on spot urines and on single samples from 32% of 
the case subjects. In this 10-year retrospective study, MA was 
defined as urinary albumin concentration of 30-140 ug/ml. 
Progression from noirrioalbuminuria to proteinuria occurred 
in 5.5% of these patients. The risk of progression to MA was 
not stated. The 48% death rate in these initially normoalbu- 
minujic patients was remarkably high. Thus, the data from this 
study could not be used to estimate the risk of renal progres- 
sion among normoalburninuric type 2 diabetic patients. 

For this review, we used the 3 published reports that met 
the group A studies' criteria except for duration, which can- 
not be accurately determined in type 2 diabetic patients 
(Table 3). These studies (39-41) followed patients for 6 to 9 
years from the baseline AER measurement .and found a 
.5—30% incidence of progression from normoaiburninuria to 
MA and from 0 to 8% from normoalbuminuria to proteinuria. 
Table 3 excludes 1 study with similar outcomes in which 
>20% of case subjects were lost during follow-up (42) . 

Two papers were categori2ed in group B. One produced 
similar (43) and the other produced higher values (44) of 
progression to proteinuria than the group A studies (Table 3). 
Five papers (38,45-48) were in group C because of the MA def- 
inition used (Table 3). Progression from normoalburninuria 
to MA varied markedly from 5.9 to 57.6%, whereas progres- 
sion from normoaiburninuria to proteinuria varied from 0 to 
1 1.8%. Only the data from group A studies were used for the 
risk calculation. 

Glomerular structure in normoalbuimnuric type 2 dia- 
betic patients. There are few published papers on renal 
structure in normoalburninuric type 2 diabetic patients com- 
pared with control subjects, so information was also 
extracted from published abstracts. 

The rate of development of DN lesions is less clear In type 2 
compared with type 1 diabetic patients because, with the 



exception of the Pima Indian studies (49) , duration is usually 
not precisely established in these patients. Nonetheless, GBM 
width and Vv(Mes/gIom) are increased in normoalburninuric 
Caucasian (50), Pima Indian (49), and Japanese (51) long- 
term type 2 diabetic patients. As in type 1 diabetic patients, 
there is considerable overlap with normal control subjects, and 
some normoalburninuric type 2 diabetic patients have rela- 
tively advanced glomerular lesions (50.5 1) . Thus, as is true for 
type 1 diabetic patients, there is a structural basis for explain- 
ing the progression to MA and proteinuria among some nor- 
moalburninuric type 2 diabetic patients. Whether normoal- 
burninuric type 2 diabetic patients with more advanced dia- 
betic renal lesions are at greater risk of progression needs to 
be determined. In Pima Indians, glomerular structure was 
not different in MA patients compared with normoalburninuric 
patients with long diabetes duration, whereas MA patients had 
more advanced glomerulopathy than normoalburninuric 
padents with short duration. These results might explain the 
observation that some long-term noonoalburninuric patients 
are at high risk of progression. Further, as discussed below, 
there are more varied renal structural patterns and patterns 
of functional progression among rmcroalbumlnuric, and also 
proteinuric type 2 diabetic patients compared with type 1 
diabetic patients, and the final outcome of these patients 
remains to be fully established. 

Diathetic mepJhrojpatfoy risk in mflcroafibuimLmiiuric type 2 
diabetic patients. For reasons outlined above, the initial ret- 
rospective examination of outcomes in 76 MA type 2 dia- 
betic patients by Mogensen (38) was a group C study 
(Table 4) . MA patients in this study had a 77.6% 10-year mor- 
tality rate, mosdy from cardiovascular disease, whereas 22% 
progressed to proteinuria. 

Subsequently, 3 prospective group A studies (40,52,53) 
with much lower mortality rates among MA type 2 diabetic 
patients have been published. These studies included a total 
of 1 59 MA patients followed for 5-6 years with an average risk 
of progression to proteinuria of -40% (Table 4) . The risk of 
proteinuria over a longer term follow-up is not known but is 
presumably greater. One of these studies (40) reported that 
no patients were normoalburninuric at follow-up (Table 4). 
The other 2 studies (52,53) did not provide these data. 
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One group B study evaluating 86 MA patients (M-- A. GalL, 
H.-K Parving. personal communication) observed, after 
5 years of follow-up, approximately the same progression rate 
to proteinuria as seen in group A studies, but return to nor- 
moalbuminuria was not defined in this cohort (Table 4), Five 
studies were classified as group C because of MA definitions 
(38.45,47,48,54) (Table 4). In these studies, the progression 
rates from MA to proteinuria ranged from 0 to 40%, and these 
articles were not used in the risk calculations. 
Glofir&eruiilar structure am ^croaltaiunninuric type 2 dia- 
betic patsemta. Caucasian type 2 diabetic patients with MA 
have more complex patterns of renal structural changes than 
MA type I diabetic patients. A light microscopic study of 34 
unselected MA type 2 diabetic patients described that 10 
(29.4%) had normal or near-normal renal structure (55), a 
finding uncommon in type 1 diabetes. Ten patients had renal 
structural changes typical of those seen in type 1 diabetic 
patients with more or less balanced severity of glomerular, 
tubulointerstitial, vascular, and global glomerulosclerosis 
lesions- However, 14 subjects (4 1 .2%) had atypical patterns of 
renal injury with absent or only mild diabetic glomerular 
changes associated with other disproportionately severe 
renal structural changes, Including important tubulointerstl- 
□al lesions with or without arteriolar hyalinosis and with or 
without increased global glomerular sclerosis. Patients with 
proliferative retinopathy all had typical and well-established 
glomerulopathy lesions. None of the patients without retinopa- 
thy had typical lesions. However, background retinopathy 
could be associated with any of the 3 structural categories 
denned above. These studies were confirmed by electron 
microscopic observations (56) showing that MA type 2 dia- 
betic patients more frequently had electron microscopic 
morphometric glomerular structural measures in the normal 
range and, as a group, had less severe lesions than MA type l 
diabetic patients. Many of these observations have been con- 
firmed in Japanese type 2 diabetic patients (51). On the other 
hand, Pima Indian rype 2 diabetic patients at very high risk of 
ESRD from diabetes appear to have lesions more similar to 
those seen in type I diabetic patients. One study has argued 
that the underlying pattern of renal injury does not predict the 
rate of GFR decline among a Caucasian cohort of already pro- 
teinuric type 2 diabetic patients (57) . In contrast, a large 4.3- 
year follow-up study of ACEI-treated Caucasian type 2 dia- 
betic patients with MA and proteinuria observed that 
patients with more rapid GFR decline had greater GBM 
width and Vv(Mes/glom) at baseline (58). 

In summary, assuming the risk of progression from MA to 
proteinuria in type 2 diabetic patients to be -40% (Table 4), 
then the risk of developing proteinuria over the next 10-15 
years in norrnoalbuminuric type 2 diabetic patients would be 
-12% (Table 3). Based on studies of >6,00Q patients. -70% of 
screened type 2 diabetic patients are norrnoalbuminuric 
(42,59-67). It can then be estimated that -40% of the dip- 
stick-negative type 2 diabetic patients who are ultimately 
destined to develop proteinuria will be norrnoalbuminuric at 
initial screening, whereas -60% will be microalbuminuria 
Thus, the predictive value of AER below the range of overt 
proteinuria appears to be similar among type i and type 2 dia- 
betic patients. This similarity in prognostic value of AER 
emerges despite the fact that knowledge of duration in type 2 
diabetes is less precise than in type 1 diabetes, and the follow- 
up period in the type 2 diabetes studies has tended to be 
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shorter than in type I studies. Whether risk of progression in 
type 2 diabetic patients would be even greater if the follow- 
up period were extended is an important but unanswered 
question. The study of type 2 diabetes is further complicated 
by the findings of greater renal structural heterogeneity 
among type 2 diabetic patients than type 1 MA and protein- 
uric patients (50,51,56,68). The regularity with which type 2 
diabetic patients with proteinuria progress to ESRD is less 
well known than for type I diabetic patients. Nelson et al. (69) 
suggested that the rate of decline of GFR among type 2 dia- 
betic Pima Indian patients is similar to that of Caucasian 
rype 1 diabetic patients. However, in contrast to Pima Indians 
and rype I diabetic patients, some proteinuric Caucasian and 
Japanese type 2 diabetic patients have normal or near-normal 
glomerular structure and they seem not to progress toward 
ESRD at the same rate as patients with advanced lesions 
(58). At any rate, the prognostic value of proteinuria is less 
clear in type 2 diabetes versus type I diabetes and, conse- 
quently so is the meaning of progression from MA to pro- 
teinuria in these patients. The higher cardiovascular death rate 
among type 2 diabetic patients with MA may further obscure 
nephropathy risk. There is also a higher incidence of hyper- 
tension among norrnoalbuminuric and micro albuminuric 
type 2 diabetic patients compared with type I diabetic 
patients. On one hand, left untreated, dnis could superim- 
pose hypertensive renal injury on the diabetic nephropathy 
lesions. Theoretically, hypertension could also accelerate 
diabetic lesions. Further, hypertension could be associated 
with increased urinary AER (70-72). Thus, the greater inci- 
dence of hypertension in type 2 diabetic patients could com- 
plicate the predictive value of AER for DN risk in these 
patients. On the other hand, antihypertensive treatment with 
drugs, such as ACEL could directly influence AER (73) and 
obscure outcomes defined by this measure. Finally, radial 
factors may have greater influence In nephropathy risk in 
type 2 diabetes than in type I diabetes (74) . Perhaps even 
more than for type I diabetes, examination of renal structure 
may provide a substantial basis for understanding the het- 
erogeneity in outcome among type 2 diabetic patients with 
MA. For these reasons, it is considered vital that well- 
designed large longitudinal natural history and renal biopsy 
studies be carried out among various ethnic and racial 
groups with type 2 diabetes. It is worth reiterating that >35% 
of all new ESRD patients in the U.S. have type 2 diabetes, yet 
their underlying renal disease is still poorly understood. 

NEED FOR NEW MARKERS AND P RED KC TORS OF 
DIABETIC NEPHROPATHY RISK 

DN has rapidly become an important public health problem. 
Early detection of risk leading to the possibility of interven- 
tion before advanced renal damage has occurred is an obvi- 
ously important goal. This goal is made difficult by the fact 
that much of the important diabetic renal structural injury can 
occur in absolute clinical silence. It may not be practical to 
treat all diabetic patients with all potentially useful thera- 
pies (e.g., strict glycemic control and antihypertensive med- 
ications), because of issues of cost and Inadequate health care 
infrastructure, and because those without risk of renal com- 
plications would be needlessly exposed to the risk of these 
treatments. It would be far better to focus the available 
health care resources on those most likely to benefit Mea- 
surement of AER in the sub proteinuric range has been a very 
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important advance in this field This review confirms that 
AER is the strongest broadly available marker or predictor of 
DN risk. However, we need improved markers and predictors 
of DN risk. These will be addressed in 2 general categories as 
follows: I) better use of existing methods andi) development 
of new technologies. 

Existing uraetftfiods* Longitudinal studies are indicated in 
type I and type 2 diabetes, which would examine the poten- 
tial value of using repeated measures of AER over time, dif- 
ferent set points for the definition of MA r or both. In addition, 
the combination of measures of AER with multiple clinical 
and renal structural parameters may lead to the develop- 
ment of more precise risk estimates for DN- These additional 
variables could include age, diabetes duration, blood pressure 
(including 24-h blood pressure monitoring), GFR, HbA lc , 
retinopathy, and renal biopsy measurements. Prospective 
studies in type 1 and type 2 diabetic patients generally sup- 
port the concept that normoalbuminuric and MA patients 
who progress have significantly higher baseline levels of 
blood pressure (25.39,43.44.47,75-77) andHbA lc (14.21.22,25. 
39,40.43-45.47,77-79) compared with patients that do not 
progress. However, there is still controversy as to whether 
increased baseline GFR is a predictor of progression 
(9,24,80-55) . Preliminary results of our prospective study in 
normoalbuminuric type 1 diabetic patients have shown that 
patients who progress to MA or proteinuria have worse base- 
line glomerular lesions, lower GFR and are more frequently 
hypertensive than patients remaining normoalbuminuric 
(33). Other variables, in a list by no means meant to be 
exhaustive, could include plasma prorenln (86,87), erythro- 
cyte sodium/lithium counteixransport activity (23) ( lipid lev- 
els, smoking history, and family history of cardiovascular 
disease and DN. A multivariate risk-assessment scheme far 
more exact than AER alone could emerge from such studies. 
Development of new technologies. New tests are needed 
to provide accurate DN risk estimates before renal functional 
disturbances are well established (88) . Initially, these tests will 
need to be validated, at least in parr, by their association with 
important renal lesions as ascertained in renal biopsies. If 
sufficiently precise, these early predictors could obviate the 
need for renal biopsy except as a research tooL There are many 
possibilities for such new approaches to this problem and 
tnly a few are suggested as follows: I) identification of genes 
associated with increased or decreased DN risk; 2) measures 
of substances in blood or urine, such as extracellular matrix 
molecules, products of glycation, or growth factors; J) mea- 
surements of tubular function; 4) measurements of cellular 
functions (e.g., in cultured skin fibroblasts), which may be 
associated with DN risk, including extracellular matrix mol- 
ecules and growth factors; 5) less invasive methods such as 
fine needle aspiration to sample renal tissues for structural or 
biochemical changes associated with nephropathy risk; and 
development and application of new imaging technologies 
(e.g., positron emission tomography and magnetic resonance 
imaging) as tools to detect early renal diabetic biochemical or 
structural changes 

CONCLUSIONS 

The measurement of urinary AER has led to very important 
advances in the field of DN. AER is currently the best avail- 
able noninvasive means of following the course of kidney dis- 
ease in nonproceinuric diabetic patients; therefore, this 



review strongly supports the current recommendation that 
urinary AER should be monitored on a regular basis. In 
accordance with accepted protocols and procedures (89,90) . 
Moreover, given their increased risk of progression, patients 
with persistent MA should be considered for antihypertensive 
therapy and improved glycemic control. However, concerns 
have been previously raised (39.5 1,91), and this study concurs, 
that AER does not predict DN risk with the accuracy sug- 
gested by the original studies in this field (7-9) and that 
changes in the natural history of this disease may not fully 
explain these discrepancies. Moreover, AER as a predictor in 
nonproteinuric diabetic patients may not be sufficient for 
optimal clinical decision making, clinical research design, 
or public health policy development Improved predictors 
could come from existing methodologies or from technolo- 
gies not yet fully developed The growing magnitude of the DN 
problem and its huge human and social costs mandate that 
we commit far greater basic and clinical research resources 
to this problem. The value of long-term continuous research 
support can be seen in the use by the National Institutes of 
Health of intramural funding studies of the Pima Indian pop- 
ulation, and this concept should be expanded to the study of 
other important patient groups. This need is dictated by the 
very long and largely silent natural history of DN, and this nat- 
ural history will not be changed by wishful thinking. 
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Measurement of renal function in pre-ESRD patients. The 

measurement of renal function in pre-dialysis patients is impor- 
tant in order to determine the appropriate time to begin renal 
replacement therapy, to forecast the start, and to compare, in 
groups of patients, the efficiency of different treatments that 
limit renal disease progression. The most reliable methods, 
such as inulin clearance or measurement by radioisotopes, are 
too awkward for the usual clinical follow-up of patients. Al- 
though much simpler and almost as reliable, the use of iohexol 
radiologic contrast does not allow the frequent monitoring of 
the patient either. The determinations of the plasmatic creati- 
nine and its clearance or the estimate of the glomerular filtra- 
tion rate by means of equations derived from the cre atinine 
are the methods most often used in order to measure renal 
function, although not without problems in pre-dialysis. In 
order to try to overcome such problems, more precise equations 
and procedures, including the measurement of averaged urea- 
creatinine clearance or creatinine clearance with cirnetidin e^ 
have been designed that better estimate the glomerular filtra- 
tion rate. However, none of these methods is totally relia ble _in_ 
pre-dialysis. A new endogen marker, cystatin C, has advantages 
over creatinine, though more studies are needed in pre-dialysis 
in order to ascertain its use. The initial proposal of the National 
Kidney Foundation's Kidney Disease Outcome Quality Initia- 
tive (DOQI) guidelines to use weekly Kt/V and nutritional 
parameters to determine the time for starting renal replace- 
ment therapy has widened the prospects of the debate on 
the measurement of renal function in pre-dialysis, but further 
work is required to define their role in pre-dialysis patients' 
follow-up. 



In pre-dialysis patients, the exact measurement of re- 
nal function is of crucial importance not just for de- 
termining the right time to start renal replacement ther- 
apy (RRT) but also in order to forecast its start and to 
compare, in large series of patients, the efficiency of the 
different treatments permitting reduced renal disease 
progression. An early start of dialysis, based exclusively 
on objective parameters, before the appearance of symp- 
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toms and signs of uremia, improves survival chances and 
reduces morbidity [1]. Apart from the classical parame- 
ters for determining the glomerular filtration rate (GFR), 
over the last few years, new determinations have been 
introduced such as the use of iohexol or cystatin C [2], 
as well as new concepts including the measurement of 
the Kt/V of urea or the evaluation of the nutritional 
state by means of the protein equivalent of total nitrogen 
appearance normalized to body weight (nPNA) in the 
study of pre-dialysis patients [3]. 

Each one of the tests available used in measuring the 
GFR, including the referenced technique (inulin clear- 
ance), has problems that are even greater in pre-dialysis 
patients. Therefore, the suitable determination of the 
renal function is still a subject of debate. Renal function 
as a whole does not mean, exclusively, GFR. Malnutri- 
tion related to uremia and its associated morbimortality 
must also be evaluated. Hence, the proposal of the 
DOQI guidelines is to use Kt/V and nutritional parame- 
ters as an indirect measurement of renal function and 
in order to determine when to start dialysis [3]. 

CLEARANCE BY ISOTOPES AND 
RADIOLOGIC CONTRASTS 

The use of radioactive isotopes is a more practical 
method than that of inulin for calculating the GFR. Mini- 
mum differences are observed between the clearances 
(CI) of these isotopes and that of inulin [4, 5]. From 
greater to lesser complexity, GFR can be calculated by 
measuring urinary CL plasmatic CI, or from the images 
obtained with a gamma camera, the latter method being 
less precise in pre-dialysis patients [6]. 

Radioactive compounds give exact information on the 
GFR, but the majority of hospitals do not have access 
to them. The use of radiologic contrasts such as iohexol 
rather than radioactive markers has been proposed in 
order to calculate the renal CI [7]. The plasmatic CI 
of iohexol shows excellent correlation with plasmatic 
EDTA and inulin clearances [2, 8 ? 9]. It has also been 
shown to be very precise in the group of patients with 
moderate-severe renal insufficiency [10]. 
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Although rhe generalization of isotopic techniques, or 
with radiological contrasts, are advocated by some as 
the ideal method for measuring GFR [11], in clinical 
practice they are not so simple for quick and repetitive 
use with patients. Use seems more appropriate in clinical 
trials in which treatment for reducing renal disease pro- 
gression is compared. 

CREATININE 

Plasmatic creatinine (Cr) concentration, because of its 
speed and simplicity, has been used as a usual measure- 
ment of GFR [12]. The main problems with interpreting 
Cr are cbxomogenes, extra-renal elimination, and a de- 
crease in muscular mass. The substances called chromo- 
genes influence the colorimetric reaction that measures 
plasmatic Cr, falsely increasing its value up to 20% [13 J. 
In moderate to severe renal insufficiency, as plasmatic 
Cr is higher, the chromogeaes contribute proportionally 
less (5%) [14]- 

In parients with severe chronic renal failure (CRF), it 
has been shown that an importanr pan of Cr production 
is eliminated extra-renaily; however, this occurs less of- 
ten in patients with slight to moderate CRF. Estimated 
extra-renal creatinine clearance in advanced CRF is 
about 2 mL/min for a person weighing 70 kg. [IS]. The 
extra-renal elimination mechanism of Cr in CRF is be- 
lieved to be caused by degradation inside the intestinal 
light by bacterial flora [16]. 

The third problem in measuring Cr in CRF is the 
reduction in its production as the muscular mass de- 
creases. When the GFR decreases to 25-50 mL/min, 
patients spontaneously reduce their protein intake [17], 
progressively leading to a decrease in the muscular mass, 
and, therefore, Cr generation (5J. So, plasmatic Cr is less 
than that expected for GFR. 

Regarding the patient's nutritional status and renaJ 
function, plasmatic Cr has two facets. As an expression 
of renal function, the higher this is the more it is associ- 
ated with the appearance of uremic symptoms. On the 
other hand, Cr reflects muscular mass. Patients with Cr 
under 10 mg/dL at the start of dialysis showed a greater 
mortality rate [18]- 

Because of the above problems, the measurement of 
plasmatic Cr does not precisely determine renal function 
in moderate to severe CRF. 

CREATININE CLEARANCE 

The measurement of creatinine clearance (Co) re- 
solves the problem of variability in the muscular mass, 
although it has other drawbacks: the collection of urine 
and the variation in the tubular secretion, which may 
overestimate or underestimate the GFR. 

The incorrect collection of urine makes Co calculation 



imprecise. Even iu trained patients, the variation in Cr 
elimination because of urine collection problems is be- 
tween 3% and 14% 7 reaching 70% in untrained patients 
[11, 19]. Greater Co than plasmatic Cr variation from 
day to day indicates which is easier for detecting changes 
in the GFR with the Cr [12]. 

A substantial part of Cr excretion by the kidney is 
caused by tubular secretion. In patients with severe renal 
insufficiency, up to 60% of urinary Cr comes from tubu- 
lar secretion [12, 20]. The relationship between fractional 
excretion of Cr and inulin is greatest between 20 and 25 
mL/min/1.73 m 2 , varying from 1.2 to 2,1, and it decreases 
in lower or greater values of Ci [20-23]. The bias intro- 
duced on measuring Co with regard to that of iothala- 
mate is approximately 5 mUmin/lJ3 m* for a GFR of 
25 mL/min/1.73 m : (23]. Also, there is marked variability 
in the magnitude of Cr secretion in each patient and in 
the same patient throughout the progression of the CRF 
[20] ? making it impossible to predict the changes in GFR 
from the changes in the Ccr [24]. 

For all the above, the measurement of Cc r is not useful 
in determining the exact level of renal function in pre- 
dialysis. Some authors advocate that its routine use 
should be abandoned for evaluating CRF progression, 
given its great variability [11]. 

In order to compensate for the tubular secretion of 
Cr and the overestimate of GFR by the Co, two solu- 
tions have been proposed: to calculate the CI as the 
mean value between the urea and Cr clearances, and to 
calculate Co afccr reducing the tubular secretion with 
cimetidine. Because the urea is reabsorbed and the urea 
clearance underestimates the GFR, it has been suggested 
that the mean of urea and Cr clearances may be used 
as the measurement of GFR in patients with CRF. This 
calculation does not have physiologic supporL and is sub- 
ject to greater variability (four determinations), as well 
as the problems in collecting urine. Nevertheless, Lu- 
bowitz et al have shown that it can serve as a precise 
measurement of GFR in advanced CRF, correlating this 
with the clearance of inulin in patients with GFR < 20 
mL/min/1.73 m 2 [25], and confirmed by other authors 
[SJ. In patients with GFR < 15 mL/min/1.73 m 2 the mea- 
surement of the averaged clearances of urea and Cr more 
precisely estimates GFR [26]. 

In order to cancel the tubular secretion of Cr and thus 
avoid one of the sources of overestimating GFR in pre- 
analysis, oral administration of cimetidine, an organic 
cation like Cr that competitively reduces its secretion, 
has been proposed [27]. With cimetidine, the ratio be- 
tween Co and GFR approaches unity [20, 2S, 29]. So 
far, only a limited number of patients have been studied 
using this method, and the dose and guidelines have not 
been determined. 
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Tiblc 1- Equations 



Cockroft- 

GauU 
MDRD7 

AASK 
Nankivcli 
WceWv KlA r 
NPNA 



(mUmin) - [L40 - age (vaars)] X weight (kgV [72 X O (mg/dL)l multiply by O-RS if female 
in/L.73 m=) - 170 X Cr (nxe/dLy-"^ X X (0.762 if temalej X (1.18 if black) X BUN (rag/cIL)*-" X 



CI creatinine 
GFR (mUmin/1/ 
Alt? (p/dCy^™ 1 

GFR (fttl/rain/L.73 mr) = 222 X Cr (mg/dL)'^ X age'^* 7 ' x (0.757 it femak) X BUN (mg/dL)<-^ x Alb te'dL)'* 1 ; 71 ' 
GFR (raJL/min) = 6.7/Cf (mmol/L) + body weight (kgJ/4 - urea (mmol/L)/2 - 100/hcight (mf + 35 (ovale) or 25 (female) 
Weekly fCt/V Daily urea clearance (Udav) X 7 / vol (L) 

(^/kg/day) - [6.49X urine urea nitrogen (fi/day) + 0,294 (g/Uday) X vol CL)]/[vol (1)^0-58 (IJtg)] __ 



ESTIMATION OF GFR BY FORMULAS 
DERIVED FROM PLASMATIC CREATININE 

Different studies have shown the imprecision of Co 
ro measure GFR, being more precise using equations 
obtained from the plasmatic Cr [26, 30]- All developed 
equations consider the opposite of plasmatic Cr as the 
most important independent variable for calculating the 
GFR. [26]- The formulas include the weight, height, sex, 
age, race v and other variables multiplied by different 
correction factors [i2]. These formulas are based on the 
idea that the excretion of Cr is constant and equal to its 
production, which, in turn, is proportional to muscular 
mass, and can be estimated from other variables [12]. In 
pre-dialysis patients with edemas, it is foreseeable that 
because of the increase in weight, GFR is overestimated 
with these formulas in a similar way to cirrhotic patients 
[31]- 

The simplest formula, and the most used, is that of 
Cockroft and Gauit (Table 1). This equation was de- 
signed to calculate Cc r in patients without renal disease 
[32). Although showing a good correlation with the GFR 
calculated with isotopes (0.84), it overestimates the GFR 
in the low values and shows a great dispersion of the 
data and a high variability [30, 33, 34]. 

From the study "Modification of Diet in Renal Disease 
Study" (MDRD) several equations have been developed 
in order to predict GFR and have been verified In a 
large number of patients with diverse degrees of CRF. 
The most practical formula is number 7 (Table 1), which 
does not involve urine collection and includes demo- 
graphic and seric factors like albumin, the Cr and the 
urea. Despite this, it was more precise for estimating the 
GFR than the C< f measured or estimated by Cockroft 
[26]. In the sub-group of patients with serum Cr greater 
than 25 mg/dL, precision was maintained for predicting 
the GFR- The equation has later been validated in pre* 
dialysis patients and in renal transplant patients [26]. 

In the group of African American patients included 
in the AASK study (African- American Study of Hyper- 
tension and Kidney Disease), the formula derived from 
the MDRD study predicted the GFR measured by I iZS - 
lothalamaie better than the C Cf and the formula of Cock- 
rofi-Gault, although an even more precise formula was 
derived from this study for predicting GFR in black 
patients and wirh the same variables (Table 1) [35]. 



In renal transplant patients. Nankivell et al developed 
an equation (Tabic 1), which includes the value of plas- 
matic urea, with good correlation in all ranges of renal 
function compared with the GFR calculated with Tc- 
DTPA, especially at low levels of GFR. This is being 
used in some transplant clinical trials, but its use has not 
become generalized, nor evaluated in other situations 
with CRF [36]. 

In general, in developing all these formulas, the more 
parameters taken into consideration, the greater the cor- 
relation with the GFR, which gives us an idea of the 
complexity of the work and of the multiple factors influ- 
encing GFR. 

CYSTATIN C 

Given the problems of plasmatic Cr, other endogen 
markers are being sought, the measurement of which in 
plasma will make it possible to know GFR. Although 
be ta2-microglobu)m increases progressively according to 
the decrease in renal function, its production is increased 
in certain pathologies, so generalized use in CRF has 
been ruled out [37]. 

Cystatin C could be the ideal marker. It is produced 
by the nucleated cells at a constant rate; it filters freely 
in rhe glomeruli and is reabsorbed only to be totally 
metabolised on a tubular level. Its production is unaf- 
fected by inflammatory or malign processes and is not 
muscular mass- or sex-dependent. Progressively simpler 
methods are being developed for its determination [2. 
33, 39]. Plasmatic cystatin C correlates well and linearly 
with the GFR, so that it is more sensitive than Cr for 
detecting slight alterations in the GFR [40]. Cystatin C 
shows greater diagnostic precision than Cr (sensitivity 
94%, specificity 95% vs. 94% and S0%) [41], although 
not confirmed in all studies and may not be generalized 
for all kinds of patients [42]- 

Additional studies are needed on patients with differ- 
ent degrees of renal function, in order to find out pre- 
cisely the normal and pathologic levels of plasmatic cys- 
tatin C. Although having the obvious advantage of 
increasing in initial stages of renal insufficiency (which 
would lead, for example, to the indication of therapies 
or an earlier renal biopsy), it may not pose any benefit 
in pre-dialysis patient follow-up [43]. 
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KT/V 

From a practical point of view, wc could choose an- 
other focus for measuring renal function and deciding 
on the start of substitute renal treatment- In 1995, Tatter- 
sail et al proposed the use of Kt/V, based on urea kinetic 
model and well- established as a useful method for de- 
termining the efficiency of dialysis, in order to decide the 
ideal time for starring RRT [44], It is easy to determine in 
pre-dialysis patients: All that is needed is to know the 
daily urea elimination in order to calculate its clearance 
(K), the urea volume distribution (V), according to the 
Watson formulas [45], and apply the time (t) in which 
we wish to express it (daily or weekly) (Table 1). 

The relationship between the seriousness of the clini- 
cal signs of uremia and the classical parameters of renal 
function like plasmatic Cr, urea, or C Cr is low [46]. On 
the other hand, in the study by Tattersall, Kt/V corre- 
lated better than Cr or urea with the mortality, the hospi- 
talization rate, and the number of days admitted; hence, 
the possible predictive role of the determination of Kt/V 
pre -dialysis [44], 

In our out-patient population with clearances less than 
30 mL/min/1.73 m 2 (l60S determinations in 214 women 
and 359 men, age range from 17 to 91 years), we have 
found that the measurement of weekly Kt/V correlates 
significantly with C c , (r « 0.614, P < 0.000), with those 
calculated with the Cockroft formula (r — 0-477. P < 
0.000), and MDRD-7 (32 1 determinations, r = 0.247 ? P < 
0.000) and, obviously by the mathematical relationship, 
with urea CI (r = 0.982, P < 0.000) and mean urea-C Cr 
( r = 0.856, P < 0.000) (Fig. 1). In the study by Kuhlmann 
et al, in 116 determinations Kt/V did not correlate with 
the Cockroft clearance and only slightly with Cc, (r = 
0.183, P < 0.000) [47], Our findings are similar to those 
obtained by Mehrotra et al (Correlation Kt/V-Co, r = 
0.78, P < 0.01) [48]. Also, we found a significant inverse 
correlation between plasmatic Cr acid Kt/V, both in the 
total of patients with clearances lower than 30 mL/min/ 
1.73m 1 (1603 determinations, r = -0.536, P < 0.000), as 




Kt/V 

Fig. r Relationship of plasmatic creatinine to weekly Kt/V (weekly 
Kt/V < 2-5). Regression lines arc represented by solid lines. N — %S 
measurements. 



well as in the sub-group with Ki/V less than 2-5 (96$ 
determinations, r = -0.52, P < 0,000), unlike the results 
published earlier by Tattersall and Kuhlmann in a lesser 
number of patients (44, 47], though with the same disper- 
sion of data. (Cr range for Kt/V less than 2.5 of 1 to 16.7 
msML, average 5.5 * 2.4) (Fig- 2). 

As well as having a good correlation with the usual 
parameters for measuring renal function, does Kt/V cor- 
relate with nutritional parameters? In Lhe studies by Meh- 
rotra et al and by Jansen et al, no correlation was found 
between weekly Kt/V and plasmatic albumin, prealbu- 
min, cholesterol, transferrin, body mass index, and in 
the subjective global assessment score (SGA). The only 
nutritional parameter with any correlation was nPNA, 
to which it is linked mathematically [48, 49]. In the study 
by Caravaca et al, the Q r , the averaged urea-Ccn and 
the Kl/V were compared in relation to a uremic score 
made up of uremic symptoms. SGA, serum albumin, and 
protein catabolism rate normalized for the ideal body 
weight in 201 patients checked in pre-dialysis consulta- 
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lion. The averaged CI and that of The Q, correlated 
better with any degree of malnutrition, and with the ure- 
mic score than with Kt/V [50]. In our group of patients 
with clearances lower than 30 mL/min/1.73 m 1 (354 deter- 
minations), we found that plasmatic albumin did not 
correlate with Kt/V (r = 0.098, P = 0.065) but did so 
with the Ccr (r = 0.138, P = 0.010). averaged Q (r = 
0.141, F = 0.008). and Cockroft (r = 0.228, P < 0.000). 

What would the appropriate Kt/V value be for starting 
RRT? The DOQI guidelines propose a weekly renal 
Kt/V of 2 as the threshold for starting dialysis [3]. It is 
assumed, therefore, that the risk of morbimortality in 
patients without dialysis with Kt/V less than 2 is similar 
to that of patients in continuous ambulatory peritoneal 
dialysis (CAPD) unsuitably treated [51]. However, this 
recommendation is based on indirect evidence and un- 
controlled clinical data. 

According to the NKF-DOQI guidelines for a weekly 
Kt/V of 2, an averaged urea-C^ of 10.5 nxL/min/ 1-73 m 2 
correlates [52]. We examined Kt/V sensitivity and speci- 
ficity for delecting an averaged clearance less Chan 10.5 
mL/min/1.73 m 2 in our group of determinations (N = 
1608). There were 5S4 cases with averaged clearance 
less than or equal to 10.5 mL/min/L73 m\ of which 494 
showed Kt/V less than or equal to 2. Of the 1024 with 
averaged clearance between 10.5 and 30 niL/min/1.73 
m z , there were 851 with Kt/V greater than 2. Sensitivity 
was 84.5%, specificity S3.1%, and the positive predictive 
value was 74.0%. Such moderate sensitivity and specific- 
icy conform with the correlation shown of Kt/V with the 
classical GFR determinations. Kuhlmann et al found a 
greater specificity (91.9%) and lower sensitivity (73.6%), 
but in a smaller number of tests [47]. 

However, Kt/V determination is also subject to errors, 
on the one hand those deriving from urine collection 
and on the other, those related to the calculation of the 
urea volume distribution. KtA^ is greater in women than 
in men in different GFR ranges (averaged clearance 
<5 mUmin/1.73 m^. KT/V 131 + 0.25 vs. 1.09 + 0.19, 
P = 0.001; averaged clearance 5-10 mL/nnn/1.73 m z : 
Kt/V 2.22 + 0.41 vs. 1.83 + 0-38. P < 0.0001), which 
would suggest that it varies with V [50]. Patients with 
greater Kt/V generally have less urea distribution volume, 
independent of height, weight, age, and body surface area. 
Therefore, a patient with advanced CRF, undernourished 
and with low weight, could appear with higher Kt/V than 
that corresponding to him for his clearance, because of 
the decrease in V. On the other hand, an asymptomatic 
man, well-nourished with a clearance between 10 and 
20 mL/rnin/1.73 m 2 . could have a Kt/V < 2. [47]. 

Although the DOQI guidelines propose the use of 
Kt/V for monitoring the start of the RRT [3J do they 
provide anything more than the classic measurements of 
the GFR? Kt/V correlates well with GFR and has a 
moderate sensitivity and specificity for predicting the 



averaged clearance but does not correlate with the nuiri- 
tionaf parameters, and its measurement can vary in rela- 
tion to the V. Also, Kt/V has been related to the morbi- 
mortality after the start of RRT in a small group of 
patients. At present, the patients are starting RRT well 
below the ideal objective of Kt/V of 2 (UK 1.05, USA 
and Canada 0.7) [44, 51]. To assume the criteria of Kt/V 
2 for the start of the RRT would mean beginning be- 
tween 4 and 20 months before what is usual, with all this 
implies [53]. Larger and prospective studies are needed 
on the influence of Kt/V use when following up patients 
with advanced CRF before its use can be generalized. 

NUTRITIONAL STATE 

Over the past few years, the idea that the seriousness 
of the uremia should be evaluated by its deleterious 
effect on the nutritional state in pre-dialysis patients has 
gained support, centered on the relationship between 
protein intake and renal function [54]. The formulas 
that best predict GFR include nutritional parameters 
reSecting protein intake such as plasmatic albumin or 
urine urea elimination [26]. The risk of malnutrition in- 
creases as the renal function decreases, because of lower 
protein intake [17]. Patients with hypoalbuminemia at 
the stan of dialysis were found to be at higher mortality 
risk [IS]. Although the most important nutritional pa- 
rameter in the studies is albumin, diverse factors influ- 
ence this, thereby limiting its use as a nutritional marker 
[54]. 

nPN A (Table 1) has emerged as a useful and reproduc- 
ible marker in patients with CRF [55]- Protein intake is 
an excellent marker of nurritional state, assuming the 
patient is not on a low-protein diet. Initial recommenda- 
tions by the NKF-DOQI are to start dialysis when nPNA 
is less than 0.8 g/kg/day [3J, although this recommenda- 
tion does not appear in the revised version [52]- The 
nPNA value of 0.8 was derived from studies on patients 
in CAPD [56]. Mehrotra et al showed that in patients 
with continuous clearances (CAPD and pre-dialysis) r a 
weekly Kt/V of 2 is required in order to maintain an 
nPNA of 0-9 g/kg/day [48], although this ratio may not 
be extend ed to other populations [49]. The recommenda- 
tions in the DOQI guidelines cannot be directly applied 
to other countries without further studies. 

In previous studies, nPNA measurement correlates 
with the GFR measured as averaged urea Co (r = 0.51 , 
P < 0.0001 and r = 0.74) [49, 50]. In our group of patients 
with clearance less than 30 mLMin/1.73 m 2 (1608 deter- 
minations), we found a correlation between nPNA and 
the averaged clearance (r - 0.586, P < 0.000) and the 
C Cf (r = 0.511, P < G.000) (Fig- 3) The use of nPKA 
under 0.8 g/kg/day to detect decreases in averaged CI 
under 10.5 mL/min/1.73 m 2 shows low sensitivity (44.1%) 
but good specificity (87.7%). 
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Larger, prospective, and well-controlled studies are 
needed in order to determine the use of nPNA measure- 
ment in the follow-ups of pre-dialysis patients and their 
correlation with mortality and morbidity after the start 
of the RRT. 

CONCLUSION 

The need to be able to measure renal function in 
pre-dialysis is obvious. In clinical trials carried out to 
determine which therapies reduce renal disease progres- 
sion, it is important to know renal function exactly 
through the GFR. Currently, isotopic methods are the 
most reliable for determining GFR in pre-dialysis. The 
fact that they are not available at all centers means it is 
necessary to resort to the measurement of plasmatic Cr, 
Cr-derived equations, Co, or the averaged urea Co-, 
training the patients for a careful collection of urine. In 
future, the generalization of techniques such as iohexol 
clearance or plasmatic cystatin will widen the possibilities 
of ascertaining pre-dialysis GFR correctly. 

For the follow-up of each patient with advanced- termi- 
nal CRf\ is it important to know the GFR precisely? In 
most clinical situations an exact knowledge of GFR is 
not required, it being enough to know whether GFR is 
getting better or worse, which can be evaluated using 
plasmatic Cr. An intermediate solution is to determine 
GFR periodically by means of averaged urea-Cr clear- 
ance or the equations based on Cr (Cockrofi, MDRD-7, 
Nankivell) and carry out the usual patient follow-up with 
plasmatic Cr de term ina Lion. 

The usual clinical practice until now for including a 
patient in RRT, before the appearance of uremic symp- 
toms, was based on estimating GFR from the urea and 
ihe plasmatic Cr, but there is no linear relationship be- 
tween renal function as GFR and uremia [50)- Although 
more and larger studies are needed in order to find out 
its global contribution, it seems appropriate to add Kt/V 
and the evaluation of the nutritional state using nPNA 
or SGA as an indirect measurement of pre-dialysis renal 



function in order to reduce the morbimortatity of pa- 
tients. 

Reprint requests ro EmWo Rodrigo, M.D. Nephrology Service. Hos- 
pital Valdccilla. 39008 Santander, Cantabria. Spain, 
E-mail: nefrC€®huMv.4S 
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a predisposition to arteriosclerosis and in those who have 
hypertension resulting from apparent underling d^ase^ 
such as pheochromocytoma. Called also hyaline orterioUtr n. 
hyaline arteriolar n., benign n. hyperplastic ar- 
teriolar n., malignant n. intercapillary r,., arterio- 
lar n malignant n., an uncommon form of arteriolar 
nephrosc m rosS affecting all the vessels of the body >es^ially 
the small arteries and arterioles of the ^ d ™y*>™*£; 
quently associated with malignant hypertension and hyper 
plastic arteriosclerosis. It may occur in the absence of 
previous history of hypertension, or may be super im prosed on 
benign hypertension or primary renal d^ease esp^ially 
glomerulonephritis, benign nephrosclerosis, j and pye^ lone- 

phritis. Called also tyP^P*^ ° rte ;^ 
hard disease, senile n., nephrosclerosis which is just a 
part of the arteriosclerosis common in old age. 
nephroscope (nef'ro-skop) an instrument inserted into an 
incision in the renal pelvis for viewing the inside of the 
kidney equipped with three channels for telescope, fiberoptic 
light input, and irrigation, 
nephroscopy (n5-fros'ko-pe) visualization of the kidney 

by means of the nephroscope. 
nephroses (n&-fro'sez) plural of nephrosis. 
neohrosis (ne-fro'sis), pi- nephroses [nephr- + ^s«] an y 
dTsea^of the kidney,' especially any disease of the kidneys 
characterized by purely degenerative lesions of the renal 
^tes-aToppos^d to* nephr itis-and marked by edema 
(noninflammatory), albuminuria, and decreased serum albu- 
rn (the nephrotic syndrome). acute n., nephros* 
Marked by scanty urine but with little edema or albuminuria 
amyloid n., chronic nephrosis with amyloid degeneration 
oTthe median coat of the arteries ^nd the glomen^r 
capillaries; amyloid kidney, avian n„ inf ^ l °^ 
disease, cholemic n., renal disease associated with vari- 
ous types of hepatic or biliary dysfunction, especially those .in 
whichthere is obstructive jaundice. chronic n renal 
disease characterized by chronic degeneration of the renal 
epithelium. Epstein's n., a type of chronic tubular ne- 
^Sresulting^romsystem 

usually in young persons and in women, and f^"^"? 
associated with hypothyroidism or other *J?^****2*- 
bance. glycogen n., nephrosis associated with S^cogen 
vacuolation within the proximal convoluted tubules a^nd the 
loops of Henle. hydropic n., vacuolar n. hypokale- 
mic n-, vacuolar n. ' infectious avian n ^ectxous 
bursal disease, larval n., a condition in which the renal 
fe^ns are slight and manifested clinically by albummuna. 
lipid n., lipoid n., nephrosis characterized by edema, albu- 
minuria, and changes in the protein and lipids of the blood 
and the accumulation of globules of cholesterol esters in the 
tubular epithelium of the kidney, lower nephron n., a 
condition of renal insufficiency leading to uremia, due to 
necrosis of the cells of the lower nephron, blocking the 
tubular lumens of this region. The condition is seen after 
severe injuries, especially crushing injury to muscles (crush 
syndrome). necrotizing n., renal disease characterized 
by necrosis of tubular epithelium of the kidney, osmotic 
n., vacuolar n. toxic n., nephrosis caused by some toxic 
agent, most frequently and typically by bichloride of mer- 
cury vacuolar n., renal disease in which injury of the 
renal tubules is associated with vacuolization of thej proximal 
convoluted tubules and sometimes of the loops of Henle and 
collecting tubules, presumed to be caused by ^turbances in 
the normal osmotic relationships within the ceUs. lhese 
changes are seen in various clinical situations, as following 
the administration of hypertonic solutions, in diseases result- 
ing in marked alterations in fluid balance, and in severe 
hypokalemia. Called also hydropic n., hypokalemic ru, ana 
osmotic n. 

nephrosonephritis (ne-fro"so-nS-fri'tis) [nephrosis + ne- 
phritis} renal disease with nephrotic and nephritic compo- 
nents, hemorrhagic n., Korean hemorrhagic n., 

epidemic hemorrhagic fever, 
nephrosonography (nef"ro-so-nog'rah-fe) ultrasonic 

scanning of the kidney, 
nephrospasis (nef'ro-spas'is) [nephro- -h Gr. span to drawj 
movable kidney in which the natural supports of the organ 
: are so weakened that the organ hangs by its pedicle. 
» . nephrostolithotomy (nS"fro-sto-U-thot'o-me) [nephro- + 
^r r vGr:'Uth6s" stone Gr. to m€ a cutting] , removal of renal 
v:-;+'VV v fttH* - h- y, 'V ■.■•'.-.."■■*'* ' ' '-'"■.* 
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calculi through a nephrostomy tube inserted throuW t he 
abdominal wall into the renal pelvis. \ 

nephrostoma (ne-fros'to-mah) [nephro- + Gr. stoma n£uth] 
one of the funnel-shaped and ciliated orifices of excfetory 
tubules that open into the coelom in the embryo, best se^n in 
lower vertebrates. ^ 

nephrostome (nef'ro-stom) nephrostoma. jl 

nephrostomy (nS-fros'to-me) [nephro- + Gr.^ stomoun to .pro- 
vide with an opening, or mouth] the creation of a fistula 
leading directly into the pelvis of the kidney. 

nephrotic (ne-frot'ik) pertaining to, resembling, or caused 
by nephrosis. 

neohrotome (nef'ro-tdm) one of the segmented divisions 
TheSerm^^ the somite with the lateral plates 
of unsegmented mesoderm; it is the source of much of the 
urogenital system. Called also intermediate cell mass and 
middle plate. 

nephrotomogram (ne^'ro-tc/mo-gram) the sectional ra- 
diograph of the kidney obtained by nephrotomography, 
nephrotomography (nef"ro-to-mog'rah-fe) radiologic vi- 
sSS^UoHf th?kidney by tomography after ^travenous 
introduction of contrast medium as a bolus or by infusion 
nephrotomy (ne-frot'o-me) [nepHro- + <£. ton£a <^tting 
a surgical incision into the kidney, abdominal n., ne- 
phrotomy performed through an incision into the abdomen, 
anatropnic n., incision into the kidney between ite vascu- 
lar segments, to minimize bleeding and parenchymal injury 
Sldto prevent atrophy. lumbar n., nephrotomy per- 
formed through an incision into the loin. ^ , 
nephrotoxic (nefro-tok'sik) toxic or destructive to kid- 

ney cells. . 

nephrotoxicity (nef"ro-tok-sis1-te) 
toxic or destructive to kidney cells. 
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toxic or ucan "^" Y ^ *~ 1 ' i ' 

nephrotoxin (nef'ro-tok'ain) {nephro- + Gr. Wx ^° n P^" ] 
a toin which has a specific destructive effect on kidney cells. 

tuberculosis. , ^ , 

neohroureterectomy (neFVo-u''i^ter-ek'to-me) [nephro- 
+ ureterectomy] excision of a kidney and a whole or part 
of the ureter. 1 ' . 

nephronreterocystectomy (neFr(>-u-r^'tor-o- 3 ^-tek'to- 
me) [nephro- + Gr. ouster ureter + hystis bladder + ektomS 
e^ciston] excision of the kidney, ureter, and a portion of 
the bladder wall. ' 

nephrozymosis (nef'ro-zi-mo'sis) zymotic or fermenta- 
tive disease of the kidney. i 

nephrydrosis (nefri-drc/sis) [nephro- + Gr. hyd6r water + 
-osis] hydronephrosis. 

nephrydrotic (nef'rl-drot'ik) pertaining to nephrydrosis. 

nepiology (nep»e-ol'o-je) [Gr. nSpio infant + -logy) (obs.) 
the department of pediatrics treating of young infants. . 

Neptazane (net/tah-zan) trademark for a preparation of 
methazolamine. 

neptunium (nep-tu'ne-um) [from planet Neptune] .a radio- 
a?twfelement of atomic number 93 and atomic weight 237 
occurring in certain earths and obtained by splitting the 
Sumatom with neutrons. It is unstable and changes into 
Plutonium. Symbol Np. . 
nequinate (nS-kwin'at) chemical name: 6-butyl-l,4 -dihy^ 
dr"4-oxo-7^phenylmethoxy)-3-quinolmecar^xylic acid 
methyl ester; a coccidiostat for poultry, CaaHasNU*. 

Nerium (ne'rl-um) a genus of evergreen apocynaceous 
shrubs of the Mediterranean region and Asia. N. odorum 
indicum) is the sweet-scented oleander; N. oleander U is the 
common oleander. - • 

Nernst equation, potential (nernst) [Walther Hermann 
S German physical chemist, 1864-1941] see under 
equation and potential. , 

nerol (ne'rol) an essential oil, (CH 3 ) 3 C:CH . CH 3 • CH a -y- 
(CH 3 ):CH CH 3 OH, a constituent of orange flower oil. 

neroli (ner'o-le) an essential oil distilled from orange blos- 
soms; orange flower oil. 

nerval (ner'val) (obs.) neural. . . 

nerve (nerv) [L. nervus; Gr. neuron] a cordlike structure, 



't. 



W 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



